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SUBJECT: 1983 Compliance Test Plan - Kuparuk River Unit

PSD-X82-01
8336-AA002

Dear Sirs:

I have attached the 1983 test plan for NO_ compliance
tests (Condition 6a, PSD X82-01) in the Kﬁparuk'River
Unit. These stack tests are scheduled to coincide with
the Prudhoe Bay tests September 19-26, 1983.

The tests will be performed on a 14,000 HP turbine and a
10 million (MM) Btu/hr drill site heater by Chemecology
Corp. Condition 6a of the PSD permit (referenced above)
provides that a single heater may be tested and the test
results submitted as representative of other similar
drill site heaters. The .attached test plan, submitted
for your approval, proposes to use this approach by
testing the one 10MM Btu/hr process heater.

Please contact me (907) 263-4307 if you have any
questions regarding this test plan.

Sincerely,
9 P
¥ ; 01
[l /ZJ(’/[W«? i
‘Alan J. Schuyler
Senior Engineer
Regulatory Compliance

AJS:t1h-0030

Attachment
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ARCO Alaska, Inc.
Post Office Box 360

Anchorage, Alaska 99510
Telephone 907 277 5637

August 31, 1983

Mr. Mike Johnston

Chief, Air Operations Section
Region X

1200 Sixth Avenue

Seattle, Washington 98101

Mr. Doug Lowery

Regional Supervisor

"Alaska Department of
Environmental Conservation

Pouch 1601

Fairbanks, Alaska 99707

SUBJECT: Compliance Test Results - Kuparuk River Unit
PSD-X82-01
AQC-470B

Dear Sirs:

Please find a copy of the NO compliance tests
performed on units P2101A and P2f01B, turbine-driven
water injection pumps, May 17-19, 1983 at the Kuparuk
Central Production Facility #1. The Ruston TB-5000
turbines were tested by KVB, Inc. of Irvine, California
and witnessed by Ron McAllister of the Department of
Environmental Conservation.

If you have any questions, please contact me at (907)
263-4307.

Sincerely,

7 2 -

éQZiu/ /(496374%b/
Alan J. Schuyler
Senior Engineer
Regulatory Compliance
AJS:t1h-0031
Attachment
cc: D. Estes, ADEC-Juneau - w/attachment

R. McAllister, ADEC-Fairbanks - w/attachment
S. Torok, EPA-Juneau - w/attachment

ARCO Alaska, Inc. is a subsidiary of AtlanticRichfieldCompany
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SECTION 1.0

INTRODUCTION

Ruston Gas Turbines, Inc., retained KVB, Inc., to perform emissions
testing on two Ruston TB-5000 gas turbines located at an ARCO Alaska, Inc.,
production facility (CPF-1) in Kuparuk, Alaska. The purpose of these tests
was to characterize the turbine's full load gaseous emissions when firing
natural gas fuel and to comply with Condition 6A of the Kuparuk River unit's
federal air quality permit PSD-X82-01 which requires U.S. Environmental
Protection Agency (EPA) Method 20 NOx stack testing. Each turbine is used as
a prime mover to operate a Bingham water injection pump with a nominal pumping
capacity of Bofggbjgg?rels of water per day. The turbine/pump unit is
designed to operate the TB-5000 turbine at near 80% of turbine horsepower
capacity, thus maximum production rates were tested in this test program--80%
capacity (78,000 bbl/day) on P2202B and 83% (83,000 bbl/day) capacity on
P2202A. Because of the advanced combustion design of the Ruston gas
turbines, the low emissions that were measured were obtained without water or
steam injection or other types of NOx reduction techniques. The stack exhaust
constituents that were measured included NO, NOZ’ 0,, CO, CO,, particulates,
and H,0.

The turbines tested were Ruston TB-5000 combustion turbines nominally
rated at 4900 bhp. A single load condition (base operating load) was proposed
for testing during the program. Gaseous test data was collected from the
exhaust stack through two ports at right angles to each other using a traverse
of eight sampling points per port. Particulates were sampled isokinetically,
also through the exhaust stack ports. Velocity and o2 traverses were

conducted through both ports for determination of any stratification.

This report details the results of testing conducted on May 17, 18,
and 19, 1983. Section 2 provides a description of the turbines and their
normal operating characteristics. Section 3 contains a discussion of the
measurement techniques used in obtaining the emission measurements and a
documentation of quality assurance. The test results are presented in

Section 4.
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SECTION 2.0

UNIT DESCRIPTION AND OPERATION

The Ruston type TB-5000 gas turbines tested at the ARCO Alaska
facility in Kuparuk, Alaska are rated at 4900 bhp (ISO rating). The two
turbines of concern, identified as P2202B and P2202A, were tested May 18 and
19, 1983, respectively. These turbines are linked with water injection pumps
used to reinject the water produced with oil from the Kuparuk River oil
field. The design of pump/turbine unit does not allow the turbine to run at
100% of turbine horsepower capacity. Under normal (maximum) operating condi-
tions, the units are run at about 80% of turbine capacity. Figure 1A shows a
skid mounted Ruston TB-5000 gas turbine. A cross-sectional view of the gas
turbine is shown in Figure 1B. The gas turbine basically consists of an
ambient air duct, air compressor, four combustion chambers, power turbine,

exhaust duct, and the rotor shaft.

The full load, uninstalled operation of the gas turbine is discussed

| below. The air compressor receives ISO ambient air and discharges it at 102
psia. The compressed air then flows to the combustion chambers where the bur-
ners, firing gas, combust the fuel. The combustion products exit the chamber
at a pressure and temperature of 95.9 psia and 1633°F (1163°K), respectively.
The combustion gases drive the gas generator and power turbines after which
they exit through the exhaust duct at a pressure and temperature of 14.7 psig
and 944°F (780°K), respectively. The power turbine drives the rotor shaft at
a nominal speed of 7950 revolutions per minute, delivering 4900 bhp.

KVB71 66500-2052




Ruston TB5000 Type
Gas Turbine (skid
mounted)

Figure 1A.

Ambient Fuel Exhaust

Figure 1B. Ruston TB5000 Type Gas Turbine
Cross Sectional View KVB71 66500-2052
3



SECTION 3.0

EMISSIONS MEASUREMENT TECHNIQUES

Compliance testing for emissions of oxides of nitrogen was conducted
by KVB, Inc., using a modified wversion of EPA Method 20. The modification was
in the gas conditioner. This modification consisted of a water knockout at
the stack followed by inert plastic sampling lines. Documentation of the
accuracy of this method is included in Appendix A.

NOx, 02, CO, and CO2 were continuously monitored during each test.
Unit P2202B testing consisted of three 15-minute runs for a total of 45
minutes of sampling. The gaseous emission concentrations were recorded every
five minutes. Unit P2202A testing consisted of three separate 8-point
traverse tests. A detailed drawing of the stack showing the port locations is
presented in Figure 2. Sampling time at each point was seven minutes for a
total test time of 168 minutes on Unit P2202A. Sampling points in each stack

were determined using EPA Method 1.

Particulate emissions were measured using a wet impingement method on
Unit P2202B and EPA Method 5 on Unit P2202A. The wet impingement method has
been accepted by the South Coast Air Quality Management District (SCAQMD) for
emissions testing in the South Coast Air Basin. This technique differs from
EPA Method 5 in two ways. First, the probe is not heated; and second, the
filter normally placed prior to the first impinger is located between the
second and third impingers. 1In all other aspects, the methods are identical
both in testing procedure and in sample analysis. For a more complete
description of both methods, refer to Appendix B. Particulate sampling on the
units consisted of two 3-hour tests each. The isokinetic proportional
sampling was performed at a single point previously determined to be

representative of the gas flow.

3.1 CALCULATION TECHNIQUES

During the test, a fuel gas sample was extracted from the gas manifold
and analyzed (see Appendix C for gas analysis). A KVB computer program was

used to determine the stack gas flow rates based on theoretical calculations.

Appendix C contains these computer results.

KVB71 66500-2052
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The reported NOx emissions (lb/hr) are based on the moles of flue

gas/cubic foot of gas fuel. The reported NOx emission rates were calculated

using the following equation derived from basic combustion stoichiometry:

NOx x CO,'® x th x HHV x 60 x (20.95 - 3% 0,)
NOx (1b/hr) = F {3=1)
CO2 x (20.95 - 15% 02) x Kx 10

where:
NOx = measured NOx, ppm, dry

co,'® = co,, % dry at 15% 0,
m = fuel flow, 1lb/min
HHV = fuel higher heating value, Btu/lb
CO2 = measured coz, % dry
K = constant (calculated from computer results)*

The C0215 value was calculated using the stoichiometric co, value

determined from the fuel gas analysis computer program results (Appendix C).
The stoichiometric CO2 value was then corrected to 15% 02. The fuel flows
were calculated using the fuel flow calculation sheet supplied by ARCO

| Alaska. The fuel gas density supplied in the fuel analysis was taken into

! account when computing the flow rate.

It should be noted that these values were corrected to the co, equiv-
alent of 15% 0, This was done based on a previous KVB study (Appendix D)
which shows that for the levels of O2 and CO2 measured when testing a gas
turbine, correcting to CO2 is more accurate than correcting to 0, (i.e,. when

the stack 0, is greater than 10%).

A sample calculation using Equation (3-1) is presented below:

Example: Test No. 3/1

Given: K = 835.0%
NOx = 39.3 ppm
co,'® = 3.523
m = 25.92 1b/min
HHV = 22,400 Btu/lb
Co, = 2.33%

*See Appendix C for calculation of K values.

KVB71 66500-2052




_ (39.3)(3.52)(25.92)(22,400)(60)(17.95)

NOx (1b/hr)
(2.33)(5.95)(835.0) (10°)
NOx (lb/hr) = 7.5 lb/hr
3.2 QUALITY ASSURANCE DOCUMENTATION

Appendix E contains all of the instrumentation quality assurance tests
performed before and during the emissions tests. These included tests on the
TECO Model 10AR NOx instrument contained in KVB's portable instrument pack-
age. These tests documented the linearity of the instrument using EPA Pro-
tocol 1 analyzed NOx calibration gases, linearity between the ranges on that
instrument, converter efficiency checks, and interference data sheets provided

by the manufacturer of the instrument.

Also included in this quality assurance procedure is an interference
test on the Teledyne Model 325 oxygen analyzer using instrument zero gas and
comparing the interference response when introducing 10% CO2 into the
analyzer. These tests indicated that there was no interference at this high

level of CO2 gas.

Appendix F contains the certifications of the EPA Protocol 1 analyzed
NOx, CO, and CO2 calibration gases and cross-certifications of the field NOx
calibration gases using the EPA Protocol 1 gases, and includes the analysis
data sheets to demonstrate that these gases were within specifications. The
NOx EPA Protocol 1 gas was actually used in the field to calibrate the instru-
ment for all the tests as the emission concentrations were within the zero to

100 ppm scale.

Appendix A contains documentation of KVB's internal quality assurance
checks, demonstrating that the proposed technique for sample conditioning of
stack gas minimized any possible loss of NO2 occurring in the sampled gas.
This documentation was performed in the laboratory at a much lower flow rate
than normally encountered in the emissions portable package, and while some
minor losses were encountered, it is anticipated that due to the much higher
flow rate actually utilized during the test program, the gases would lose a

negligible (i.e., less than 1 ppm) amount of NO,.
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Appendix G, in addition to the emissions data sheets, includes an 0,
traverse on Unit P2202B., This traverse was completed in order to demonstrate
that the sample location contained a homogeneous composition of flue gas

products.
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SECTION 4.0

TEST RESULTS AND DISCUSSION

Emissions measurements were taken while operating the Ruston turbines
at 80% (P2202B) and 83.8% (P2202A2) of full rated load. This is the maximum
production rate for which the turbine/injection pump unit is designed.
Appendix H contains a summary table of all operating data, a pump design
curve, and individual copies of the gas turbine operating data sheets for the
emission tests conducted on May 18 and 19, 1983. These include all available
pertinent turbine and pump operating parameters including fuel flow indication
(\AZ; , pump flow rate, pump suction and discharge pressure, turbine
temperature and speed, and weather information. Appendix G contains all of
the instrument data sheets for the test series and Appendix I contains
particulate emission data sheets. The operating and emission data for the
English units are summarized in Table 1, and the metric units are contained in

Table 2.

Prior to obtaining NOx, 02, Cco, C02, particulate, and H20 measurements
on each unit, a velocity and 02 traverse was completed. The results from
these traverses are depicted in Appendix I and indicated that no stratifi-
cation was present. Emission concentrations were uniform across the exhaust

duct.

NOx emission concentrations, dry at 15% 02, averaged 60.6 ppm for Unit
P2202B, and 66.7 ppm for Unit P2202A. EPA Method 20 also contains an equation
with which to calculate the NOx concentration at ISO standard dry conditions,

and is presented as follows:

Praf 0.5 288°K 1.53

S e[19(H°PS - 0.00633)] =
obs amb

(4-1)

NOx = (NOxobs)

As stated in EPA Method 20, the equation was incorrect in that the last term
was presented as the inverse of the correct form. This revision is discussed
in Appendix J. The equation accounts for specific humidity, and corrects to
ISO standard conditions. Using Equation (4-1), average NOx emissions for the

two units (15% O ISO) are: 61.7 ppm for Unit P2202B and 67.0 ppm for Unit

2'
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TABLE 1.

TESTING AT ARCO'S KUPARUK FACILITY

ENGLISH UNITS

DATA SUMMARY - RUSTON GAS TURBINES TB-5000 GAS TURBINE

Turbine Data Baro- Gaseous Emissions
Fuel Outlet Turbine/ metric NOx 02 CO2 co NOx NOx co
Test Date Load Rate Temp Pump Press. ppm % % pPpm ppm at ppm' NOx ppm at CO Particulate Emissions
No. 1983 Unit % lb/hr °F RPM in. Hg. Uncorr. dry dry Uncorr. 15% O, M-20 lb/hr 15% Ozlb/hr gr/DSCF mg/DSCF lb/hr
1 5/18 P2202B 80.1 1565 814 5725 30.04 33.3 17.74 2.19 22 61.7 63.4 6.8 40.8 2.73 0.002 0.151 0.775
2-2 to 2-5* 5/18 P2202B 79.9 1565 820 5750 30.05 317 17.75 2.25 10 58.9 59.7 6.3 18.6 1.21 - - --
E; 2-6 to 2-9* 5/18 P2202B 79.9 1565 820 5750 30.05 32.3 17.72 2.25 33.0 59.5 60.4 6.4 60.8 3.98 - - -
2-10 to 2-13* 5/18 P2202B 79.9 1565 820 5750 30.05 33.2 17.78 2.31 19.0 62.3 63.2 6.4 35.7 2.33 0.001 0.081 0.433
- éﬁ£7 & 72
3-1* 5/19 P2202A 82.8 1555 856 5950 29.86 39.3 17.33 2.33 36.6 64.6 64.8 7.5 60.2 4.24 0.004 0.234 1.267
4-2* 5/19 P2202A 84.8 1555 860 6000 29.74 38.8 17.95 2.25 25.1 77.0 77.5 7.6 49.8 3.01 - -— -
4-3* 5/19 P2202A 83.7 1555 853 6000 29.8 38.5 17.03 2.38 37.3 58.4 58.9 7.2 56.6 4.23 0.001 0.076 0.424
*EPA Method 20 test runs.

TNox

ppm (M=20) =

P og\0-5
(NOx_, ) (;ES£>
obs

e \1553
e[19(H°PS _ 0.00633)] (3%2—5)

amb

WOy =
“Z

%

= //47;?/CE£2//’//
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TABLE 2. DATA SUMMARY - RUSTON GAS TURBINES TB-5000 GAS TURBINE
TESTING AT ARCO'S KUPARUK FACILITY

METRIC UNITS

Turbine Data Baro- Gaseous Emissions
Fuel Outlet Turbine/ metric NOx 02 CO2 co NOx NOx' NOx co Particulate BEmissions
Test Date Load Rate Temp Pump Press. ppm % % ppm ppm at ppm Kg/hr ppm at CO Kg/hx
No. 1983 Unit % Kg/hr °K RPM mm Hg. Uncorr. dry dry Uncorr. 15% 02 M-20 x 103 15% O2 Kg/hr gr/DSCF mg/DSCF x 10

1 5/18 P2202B 80.1 3.45 708 5725 763 33.3 17.74 2.19 22 61.7 63.4 14.98 40.8 6.01 0.002 0.151 1.7
2-2 to 2-5* 5/18 P2202B 79.9 3.45 71 5750 763 31.7 17.75 2.25 10 58.9 59.7 13.88 18.6 2.67 - - -
t: 2-6 to 2-9* 5/18 P2202B 79.9 3.45 71 5750 763 32.3 17.72 2.25 33.0 59.5 60.4 14.10 60.8 8.77 - - -
2-10 to 2-13* 5/18 P2202B 79.9 3.45 711 5750 763 33.2 17.78 2.31 19.0 62.3 63.2 14.10 35.7 5.13 0.001 0.081 0.95
3-1* 5/19 P2202A 82.8 3.43 71 5950 758 39.3 17.33 2.33 36.6 64.6 64.8 16.52 60.2 9.34 0.004 0.234 2.79
4-2* 5/19 P2202A 84.8 3.43 733 6000 755 38.8 17.95 2.25 25.1 77.0 77.5 16.74 49.8 6.63 -— -- -
4-3* 5/19 P2202A 83.7 3.43 729 6000 757 38.5 17.03 2.38 37.3 58.4 58.9 15.86 56.6 9.32 0.001 0.076 0.94

*EPA Method 20 test runs.

P 0.5 1.53
2 o
*Nox (M-20) = (NOx o) (—;ef) e[19(H°PS - 0.00633)] (—88 K)

ppm obs Tamb
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P2202A. As expected, the two methods of obtaining NOx concentrations result
in nearly identical values. The NOx mass emission rates calculated using
Equation (3-1) are: 6.5 lb/hr and 7.4 lb/hr for Units P2202B and P2202a,

respectively.

The CO emissions during the tests averaged 39 ppm (2.6 lb/hr) for Unit
P2202B; and 56.5 ppm or 3.8 lb/hr for Unit P2202A. These values are typical
values expected from this type and size of gas turbine utilizing natural gas

fuel.

Particulate emissions were measured twice on each unit. The test
data, calculations, and summary sheets are presented in Appendix I. The
measured emissions on Unit P2202B averaged 0.116 mg/DSCF or 0.604 lb/hr and
0.155 mg/DSCF (0.846 lb/hr) on Unit P2202A. These low levels of particulate

emissions were anticipated since natural gas was burned.

KVB71 66500-2052
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APPENDIX A

SAMPLING SYSTEM VERIFICATION
NO, CONSERVATION
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TECHNICAL MEMORANDUM

TO: PC71 Engineers and Technicians DATE: May 5, 1982
FROM: R. D..Griffin NO.: TM71-R-1055
SUBJECT: EPA METHOD 20; N02 SAMPLING VERIFICATION

COPIES: S. Hersh, S. Hunter, P. Thompson

As a part of our on-going quality assurance program, a series of tests

was run to verify that using a gas conditioner at the stack would not compromise

our ability to measure NOx, specifically Noz.

The sampling system outlined in my previous memo (TM71-R-1033) was
set up in the lab. This is the sampling system used on all of our NOx compliance
tests using instrumentation. A bottle of NO span gas and our Teco 100 NO2
generator was used to provide the NO and N02 needed for the tests. A one-liter
freeze-out originally containing 100 ml of water was installed in series between
the NO_. generator and the Teco NOx analyzer. This assembly is shown in Figure

2
1. Dry ice or rock salt and water ice is used to jacket the water freeze-out

trap.

The only difference between this system and that used in our vans is
that our vans pull sample gas at about 2 scfm whereas this system could only
run at 3 scfh. This flow rate difference would mean that, during actual test-
ing, the sample gas would be exposed to the ice for about 1/40 of the exposure

time encountered in these tests.

These tests were run with the knockout/freeze-out trap (KO) in parallel
with a KO bypass line. Total NOx and NO were determined by operating the Teco
10AR in either the NOx or NO mode; NO2 was determined by difference. A NOx
coqcentration'consisting of 75 ppm NO and approximately 112 ppm N02 was gene-

raéed for these tests.

KVB71 66500-2052
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PC71 Engineers and Technicians May 5, 1982
TM71-R-1055 Page 2

A summary of the 19 tests is given in Table 1. Table 2 itemizes the
individual test data. A copy of the strip chart is given in Figure 2.

The results of these tests indicate that NO is completely conserved
(as expected). N02 as measured by total NOx and N02 (by difference) is con-
served in excess oﬁ 90% by this system. The 6 to 9 ppm NO2 apparently lost
(out of 112 ppm) across the water freeze-out trap is not considered signifi-
cant since the rated accuracy is * 2% of full scale (or = 5 ppm on this range).
Also, it is anticipated that at the much higher flow rates used in our vans,

these apparent losses would be even lower.

RDG:gc
Attachments: As Noted

KVB71 66500-2052
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PC71 Engineers and Technicians May 5, 1982
TM71-R-1055 Attachment

TABLE 1. NOx/NO, TEST RESULTS SUMMARY
USING WATER FREEZE OUT CONDITIONER

Average of Tests, ppm

Through KO KO Bypassed A Test Numbers

NOx 180 186 (5] 8,10,14,16,
71117

NO 75 75 0 18,19

N02 103 112 8 8/9,9/10,14/15,
11/12,17/18

Instrument: TECO 10AR

Range: 0 - 250 ppm

Rated Accuracy: = 2% F.S.

T R o,

B TECO 10AR l

b TECO 100 ;
ROx N02 Generator - Water Rotameter NOx /NO Recorder
Span Gas Preeze Out Analyzer

Figure 1. Instrumentation layout. N02 conservation
using water freeze out.

KVB71 66500-2052
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TABLE 2. TEST DATA SUMMARY, NO, CONSERVATION ACROSS WATER FREEZE OUT TRAP
DECEMBER 10, 1981

Teco 10AR NO/NOx Analyzer on 250 Scale (FN-575) - ) SCFH

Test 1 2 3 4 S L] 6A ? 8 9 10 11 12 13 14 13 16 17 18 19
uoz Generator Off ore ore On Oon Oon Oon Oon On on Oon Oon on On Oon On On On Oon Oon
Through Plask No No Wo No Mo Yes Yes Wo Yes Yes Yes Mo No Yes Yes Yes Yes Wo o ) (1]
NOx, ppm 203 b o= L 188 160* 178 185 178 - 178 185 o= - 183 - 180 187 - -
w0, ppa - 19  18% [ R - - - - 7’ - - 73 .- - 7% - - 7 73
n’,"-f e -, == - - - - e = 100 100 - 112 - e 108 == =5 112 ==
ANOxR - - - - - - - 10 7 — - ? - - - - - ? - .
= ANO aa s e - — - - - - ) = - .- oo - - o —_— - 0
N
i !
1] z 5 o
Cosments ! ﬂ i ! 3 ?u
) » . 8
LE o g 3
3 ) 0 M
3 3 y 3 3
i 38 ¢ 8 ¢ 3 8y 51
aw g = 54 3 w o "

*Average, unstable reading; water in flask added and swirled around.

’lu)z from difference between consecutive readings.
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NO,/NOx using water freeze out - strip chart.

Figure 2.
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Test No.
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A Reseerch-Cottredl Company

TECHNICAL MEMORANDUM 2

TO: PC71 Engineers and Technicians DATE: December 11, 1981
FROM: R. D. Griffin NO.: TM71-R-1033

SUBJECT: EPA METHOD 20 NOx TESTING - COMBUSTION TURBINES AND
INTERNAL COMBUSTION ENGINES

COPIES: S. Hersh, S. Hunter, L. Muzio, P. Thompson

I spoke with Dr. Peter Westlin of EPA's Emissions Measurement Division
at Research Triangle Park, (919) 541-2237 on December 10, 1981 regarding alter-
nates to some problem areas with respect to performing a "pure" EPA Method
20 (Federal Register version, September 10, 1979). He said that the method
will come up for extensive revision in 1982, but that alternative techniques
were currently being reviewed. I outlined some of our alternative steps as
listed below. He indicated that these would be acceptable alternatives to
sampling in strict accordance with the requirements of EPA Method 20. The

emphasis was on minimizing any possible loss of N02 in sampling and measurement.
1. Gas Conditioner at Stack

Our technique is to immediately follow the sampling probe with small-
volume (0.5 to 1.0 liter) water knockouts: typically, Greenberg-Smith impingers
with sawed-off tips. These knockouts are immersed in a bath of rock salt and
ice (the ice container has a drain). This approach would freeze out any water
on the sides and bottom of the knockouts and dry the gases to less than 0.5%
moisture. (Rock salt and ice have a eutectic temperature of -20°C.) This
approach, in addition to the higﬂ sample gas flow (typically 0.5 to 1.5 cfm),
would minimize any possible NOZ absorption. Dr. Westlin indicated that this

approach would be acceptable.
2. Converter Efficiency

Rather than using bottled gasés of No2 in nitrogen, which we have
found to be rather unstable, KVB is currently using a TECO Model 100 NOx
generator to generate N02 from a bottle of NO span gas. Through a series of
steps, the converter efficiency is measured directly by generating No2 frem
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PC71 Engineers and Technicians December 11, 1981
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the span gas, and then measuring that Noz readout as it ébes into the TECO
instrument (sampling in the NOx mode). Dr. Westlin indicated that this was

acceptable, and that they would be recommending a similar alternative proce-

dure sometime during 1982.
3. Precision Flow Divider

In order to lower the cost of using EPA Protocol 1 gases, and to establish
the linearity of instruments, we would propose to use a precision flow divider;
that is, an instrument that dilutes a certified bottle of span gas down to
a lower level using dry nitrogen. This instrument would be cross-checked with
EPA Protocol 1 gases at 30%, 60%, and 90% of full scale. The high span gas
concentration would then be diluted using the flow divider and the results
compared for each dilution point with the dilution ratio calculated from the
chart data. From this verification, the accuracy of the precision flow divider
would be documented, and the instrument could be used in the field both for
providing multiple gas concentrations for different instrument ranges and
establishing instrument linearity. Dr. Westlin indicated that this would also
be acceptable if the documentation were available for compliance testing at

the site.
4. Field Calibration Gases

Rather than use expensive EPA Protocol 1 gases in the field with

possible loss of such gases overnight (i.e., a regulator valve left open),

we would propose the use of span gases (£2% accuracy) which have been cross-
certified against EPA Protocol 1 gases and then use those gases in the field.
The linear curve would be set up using several EPA Protocol 1 gases (i.e.,
30%, 60%, 90% F.S.), and the individual field gases would then be measured
on that instrument. The concentration read on that chart vs. EPA Protocol

1 gases would then be used for the true and actual level of NOx concentration
in the field sampling bottle. Again, Dr. Westlin indicated that this would

be acceptable if documentation were available during the field testing.
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PC71 Engineers and Technicians December 11, 1981
TM71-R-1033 Page 3

Copies of a typical cross-certification check and the original EPA
Protocol 1 gas certificate are attached to this memo, as well as a figure

showing an acceptable sample handling schematic.

trnd SN,
J V4

RDG:gc

Attachments: As Noted

KVB71 66500-2052
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APPENDIX B

COLLECTION AND ANALYSIS METHODOLOGY
OF PARTICULATE MATTER
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SouTH CoAS7 A @ wbd

COLLECTION AND ANALYSIS
OF PARTICULATE MATTER

4.1 SCOPE

Particulate matter concentrations in
source emissions are determined gravimetrically
after isokinetic sampling and removal of uncom-
bined water.

4.2 METHOD SUMMARY

The methods listed below are considered
to give equivalent results. However, in some
cases one method may be more practical than
another. Selection of the appropriate method
will be determined by the source test team
supervisor after evaluating the process involved,
stack conditions, and the physical requirements
of the test.

1. EPA Method 5, with both halves
(probe and filter, impingers) in-
cluded for processing.

2 “Modified EPA 5" - filter and im-
pingers; equipment not rigorously
following EPA description, but frac-
tions collected under similar condi-
tions. (See paragraph 4.3.2 for de-

scription details).
3. Wet Impingement Method (as de-

fined in the L. A. County Source
Test Manual) - wet impingement
followed by ambient temperature
filtration.

4.3 SAMPLING EQUIPMENT

4.3.1 EPA Method 5 - equipment with impingers

23

4.3.2

are described in the Federal Register, Vol.
36, No. 247, pages 24888 - 24890. (De-
cember 23, 1971)

Note: The filter temperature can be criti-
cal; see paragraph 4.3.2(B) following.

““Modified EPA Method 5 - equipment

may be arranged as shown in Figures 4.1
and 4.2. The following comments apply to
the operation of the equipment:

A. Probe and Nozzle - may be
maintained at a temperature
no greater than 250°F (or the
stack gas temperature) pro-
vided no condensed water is
present.

B.  Filter - the location and tem-
perature of the filter can be
critical, depending upon the
composition of the stack gas
and the definition of particu-
late matter to be collected and
included. When tests are con-
ducted for Federal NSPS re-
quirements, the location and
temperature of the filter shall
be consistent with the Federal
regulations. Several possibili-
ties exist:

(1) 1f SO3 (which complete-

ly converts to sulfuric
acid on cooling) is ab-
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(2)

(3)

sent in the gases, and
SO is absent or below
25 ppm, any convenient
location (in or out of
stack) may be used for
the filter. The filter tem-
perature must be main-
tained above the water
dewpoint of the sampled
gases, but no higher than
the stack gas tempera-
ture.

If SO3 and/or SO5 are
present and it is desired
not to include SO3 (as
sulfuric acid) in the re-
ported particulate mat-
ter, the filter must be
maintained at a tempera-
ture high enough to pre-
vent collection of par-
ticulate sulfuric acid on
the filter. In most cases,
temperatures of
300-3500°F are sufficient
for concentrations of
SO3 not expected to ex-
ceed 50-100 ppm.

When sulfuric acid is to
be included in the re-
ported particulate mat-
ter, the filter tempera-
ture should be main-
tained at a level not
above 2000F; higher
temperatures will result
in loss of H2SO04 (This
would require a second-
ary filter in cases where
it is desired to use an
in-stack filter for samp-
ling stack gases over
2250F),

24

Impingers - three impingers are
connected in series with glass,
teflon or chemically resistant
tubing. The impingers are of
the standard Greenburg-Smith
design. For high dust loadings,

the first impinger may be
modified by replacing the im-
pinger tip with a straight sec-
tion which extends to %"
from the bottom of the flask.
The first and second impingers
are each filled with 100 ml of
distilled or deionized water.
The third impinger is dry with
a -‘suitable thermometer
mounted on the stem to read
impinger gas temperature.
Crushed or chipped ice is
placed around the impingers
to maintain a temperature of
less than 70°F in the third
impinger during the test. A
fourth impinger filled with sili-
ca gel (optional) may be used
to measure residual moisture
and to maintain dry condi-
tions at the meter and orifice.
Note: When using silica gel,
the vacuum must not exceed
10 in. Hg to prevent moisture
loss from gel and possible
damage to the gas meter when
located upstream of the
pump).

Metering System and Pump -
an air-tight pump, dry gas me-
ter ,* calibrated orifice, and
associated valves, gauges and
interconnecting tubing are
used as shown in Figure 4.2.
Pitot Tube and Thermocouple
- a Type-S or equivalent pitot

*“"Dry gas meter’” means a calibrated dry gas meter with 2%
accuracy when compared to a wet test meter or a primary

standard.
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tube and calibrated thermo-
couple potentiometer system
may be attached to the samp-
ling probe for continuous
monitoring of stack gas veloci-
ty and temperature at each
sampling point, when mul-
ti-point sampling is being con-
ducted. The pitot
tube-probe-thermocouple
system must be calibrated for
pitot tube coefficient prior to
use.

4.3.3 Wet Impingement - equipment is arranged

44

4.4.1

as shown in Figure 4.3. The probe and
impingers are the same as described above
in Method 2. The pump and meter portion
of the system.can be arranged either as
shown in Figure 4.2 0r4.3. (The Figure 4.3
setup must be used if the pump is not of
the leakless type). When using this setup,
calibrate the dry gas meter at a series of
vacuums and meter rates.

The pitot tube - thermocouple combina-
tion can resemble Method 2; however, for
single-point sampling (frequently the case)
a conveniently-fixed location (reference
point) is used for monitoring the stack gas
velocity and temperature. The relationship
of the reference point gas velocity to
average gas velocity is established during
the velocity traverse described under
44.1.

SAMPLING PROCEDURES
(METHODS 1, 2 and 3)

VELOCITY TRAVERSE AND
SAMPLING POINTS

Measure stack diameter and deter-
mine minimum number of traverse
points as described in EPA Method

25

44.2

(a)

(b)

1.* Mark pitot tube and measure
stack gas velocity and temperature
as described in EPA Method 2.*
After the traverse is completed, the
source test supervisor will determine
whether multiple-point sampling is
necessary or whether sampling at an
average point(s) will suffice. Appen-
dix | outlines average point(s) samp-
ling criteria.

Select suitable nozzle size for iso-
kinetic sampling, as shown in Table
4.1. Table 4.2 is used in order to
apply pressure corrections when the
meter is ahead of the pump, as in
Fig. 4.3.

SAMPLING

Leak check: each sampling train
shall be checked for leaks before and
after use. This can be done either by
EPA procedures, or by sealing the
end of the sampling probe (before
insertion into the stack) and drawing
a vacuum of 8" Hg on the train. On
closing the pump outlet (or pump
inlet of Fig. 4.3), no loss in vacuum
should be noticeable within 15
seconds.

Multiple-point sampling: prior to
sampling, remove protective caps,
and connect components of samp-
ling train. Position the nozzle at the
first traverse point with the tip
pointing directly into the gas stream.
Start the pump and adjust the flow
to isokinetic conditions. Sample at
each traverse point; sampling time
must be the same for all points.
Maintain isokinetic sampling
throughout the entire test period.
Record all required data on a sample

“Refer to Federal Register, Vol. 36, No. 247, Pages 24882-24885
(December 23 18711,
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FIGURE 4.1

2

7

] ;
@:. _—‘J_.

85 ] @ : 1
4 .
. TO IMPINGER (See Fig. 4.2)

NOTES: (1) Probe and nozzle material of construction may be:
(a) Glass - Maximum 1000°F
(b) Stainless Steel - maximum_ 1400°F (some alloys higher)
(¢) Quartz - for higher temperatrues
(d) Water-cooled stainless steel
(2) Filter media may be:
glass, quartz, or similar fiber in suitable holder maintained at a temperature not ex-
ceeding 200°F. Filter material should be chemically neutral.

(3) Filter may be located in stack; however, see Section 4.3.2 B. in procedure for limi-
tations.

FIGURE 4.2

o) b W

1. Sampling Probe from Filter; See Fig. 4.1 6. Main Valve

2. Impinger*® 7. Control Valve

3. lce Bath Container 8. Vacuum Pump (Air Tight)

4. Thermometer 9. Dry Gas Meter

5. Vacuum Gage 10. Orifice and Diff. Press. Gage (Magnehelic)

*Impinger Solution - Deionized or distilled water.

KVB71 66500-2052
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FIGURE 4.3

Test No.

WET IMPINGEMENT SAMPLING TRAIN
FOR PARTICULATES

Sampling Probe (See Figure 4.1)

Impinger (Dust Concentration Sampler)

Ice Bath Container

Dry Filter Whatman, Millipore, or equivalent
Thermometer

Vacuum Gage (0-10 in. Hg)

Dry Gas Meter (temperature-compensated)*
Vacuum Pump

Valve to Control Gas Flow Rate

DoOoONOOMALDN

Impinger solution: Deionized or distilled water.

*If not temperature-compensated, a thermometer is necessary
to read metered gas temperature.
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APPENDIX C

FUEL ANALYSES AND CALCULATIONS
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HP-67 KEYED CALCULATION SHEET

GASEOUS FUEL ANALYSIS

Test No. Date /' ac (& A Location /| 1%~ - i
Unit No. Fuel N+t - - Fuel Sample No.
Fuel Sample Point [ .-~ i 1 - Fuel Analysis by
Gas $ Volume Load "Gaseous Fuel Analysis III"
. SCF Air : - at 70 °F
CHy Methane = [STO)[ O ) (B ) Sssi = LT ’
CHg Ethane (STOI[ 1 10° Btu i——— 29,92 in. Hg
C3Hg Propane ..~ [STOY[ 2 ) WSCF Prod _ o
C4H1p Butane I 5 [(sT0ll 3] [R/S] 10° Btu —————
CsH), Pentane ‘ [(STO][ 4 ] - 17 A
CoH4 Ethylene r (STO)[ 5 ] IR/R] % Molstuxs = 020
C3Hg Propylene 4 [sTO)I[ 6 ] DSCF Prod _ _ .
C4Hg Butylene / (STO)[ 7 ] [R/S] 10° Btu e
CsH o Pentylene ‘ [STO][ 8 ] -
C2H; Acetylene (sTo] [ g ] (R/S) COyr e gl S
[ £ ][PgS] e
CgHg Benzene (s 0 ) | (RS X - . | no
0, Oxygen r [(sTolf 1] [R/S] K' - ; x
Ny Nitrogen oz [STO)[ 2 ) i
COy Carb. Diox. _ .~ [sTol( 3 1] [R/S] K =l C
co Carb. Monox. [STO][ 4 ] " - ‘ co
82 . Hydrogen - [SsTO][ 5 ] (/8] X ——————
T >
[ £ ])[PzS] [R/S] K - Py
[R/S) X' -__ A B
Load "Gaseous Fuel Analysis I" —
[A] IS Volume = ‘ il | s (o)
] - s
CF Air s [R/5) K s = =S
CF Fuel
6
[B) Btu (HHV) _ s A , 1b/10 .Btu = (ppm at 3% 02)/K
CF Fuel —_— ‘
ng/J = (ppm at 3% 0_,)/K'
[c) CF _CO, o drF 2
CF Fuel
\
Load "Gaseous Fuel Analysis II"
[D]CFHZO -
CF Fuel —_—
CF Prod
LE] CF Fuel
1b Prod
(a1 CF Fuel

Data Sheet 6015-6 (Rev. 3)
8/10/78
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GAS FLOW RATE CALCULATION
RUSTON TURBINES/ARCO ALASKA

5/19/83

Gas Rate Calculator, Use Key 1 to Activate, Key 2 for a Hard Copy

Meter I.D. (inches), required

Orifice Size (inches), required

Taps Location - U=Upstream D=Downstream, required
Temperature (°F), required
Differential Pressure (“Hzo), required
Static Pressure (psig), required

Gas Gravity

Gas Viscosity (CP)

Ratio of Specific Heat

Gas Rate at Base Conditions (MSCFD)

C' - Orifice Flow Constant

Basic Orifice Factor

Reynolds Number Factor

Expansion Factor

Pressure Base Factor

Temperature Base Factor

Flowing Temperature Factor

Specific Gravity Factor

Super Compressibility Factor

Gauge Location Factor

31

2.067
1.125
D
78
55.000
152
0.70000
0.01600
1.300
716.7
326.6
271.7
1.00096
1.00211
1.00546
1.00000
0.98313
1.19523
1.01435
1.00000

KVB71 66500-2052



GAS FLOW RATE CALCULATION
RUSTON TURBINES/ARCO ALASKA

5/20/83

Gas Rate Calculator, Use Key 1 to Activate, Key 2 for a Hard Copy

Meter I.D. (inches), required

Orifice Size (inches), required

Taps Location - U=Upstream D=Downstream, required
Temperature (°F), required
Differential Pressure (“Hzo), required
Static Pressure (psig), required

Gas Gravity

Gas Viscosity (CP)

Ratio of Specific Heat

Gas Rate at Base Conditions (MSCFD)

C' - Orifice Flow Constant

Basic Orifice Factor

Reynolds Number Factor

Expansion Factor

Pressure Base Factor

Temperature Base Factor

Flowing Temperature Factor

Specific Gravity Factor

Super Compressibility Factor

Gauge Location Factor

32

2.067
1.125
D
78
55.000
152
0.70000
0.01600
1.300
712.1
324.5
27947
1.00096
0.99557
1.00546
1.00000
0.98313
1.19523
1.01435
1.00000
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APPENDIX D

CORRECTION FACTOR ANALYSIS
GAS TURBINE WORK
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CORRECTION FACTOR ANALYSIS |
GAS TURBINE WORK |

A common practice in evaluating gaseous pollutant data is to "correct"
the raw data analyzed in the stack or exhaust to some standardized level of
excess air or oxygen (02). Typically this standard excess air or oxygen level
is specific to the type of equipment, and may even be written into emission
regulations (i.e., for utility boilers in Southern California, NOx would be
expressed: NOx, as Noz, ppm at 3% oxygen). After 1982, new gas turbines
will be NOx limited to either 75 or 150 ppm at 15% oxygen depending on loca-
tion and unit size by the EPA.

This excess air correction technique is used to allow direct compari-
son of pollutant emissions from different engines, fuels, loads, etc. on a
1b/106 Btu basis or a 1b/1000 1b of fuel basis. This comparison is easily
done if a standard excess oxygen level is used in conjunction with knowledge
of the fuel analysis and the measured concentration of the pollutant in ppm.
If the fuel flow is also known, then the mass emission rate (lb/hr) can also

be easily calculated and compared on a common basis.

In order for these comparisons to be valid, accurate measurements of
the "correcting" parameter are crucial. For any given fuel burned in the pre-
sence of air, basic chemistry allows the determination of a characteristic
02 vs. CO2 curve specific to that fuel. Thus, if one of the two measurements
(O2 or coz) is more accurate, then that parameter would be more appropriate

for determining the excess air correction factor.

This appendix will put into perspective the errors associated with
different methods of determining the correcting factor used to provide data

calculated at a standard percent excess air or excess oxygen.

cC.l. GENERAL CONSIDERATIONS
|

\

|

\
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c.2 INSTRUMENTATION RANGES

Typically, gas turbines such as those used at Ellwood with liquid
fuels will operate over a range of 1% excess oxygen (i.e., 17 to 18% O2 in
exhaust gases) from base load to half load. For these same conditions, the

carbon dioxide (COZ) levels will vary from 3% to 2%.

These operating ranges determine what scales are to be used in the
02 and CO2 instrumentation. For oxygen, the usual range is 0-25% 02 with air
(at 20.95% 02) being used as the calibration standard. For carbon dioxide,
the required range would be 0-5% with a certified CO_ calibration gas at about

4.0% C02.

With this information, the relative accuracy of reading the correct

2

O2 or CO2 can be evaluated. With a change of 1.0% oxygen in going from low
load to base load, the instrument will change only 1.0% OZ/ZS% 02' which

corresponds to only four divisions on the 100-division chart.

The CO2 also typically changes 1.0% in going from low load to base
load. However, the instrument will show a change of 1.0% C02/5.0% C02, which

corresponds to 20 divisions on the 100-division chart.

A comparison of these two results indicates that for gas turbines the
CO2 is 20/4 = 5 times more accurate than O2 for any given load on the turbine.
This accuracy is clearly seen in Figure C-1 where, over the course of the pro-
gram, the CO_ levels vs. load (MW) are consistent and highly repeatable. Using

2

these load vs. CO2 curves and the fuel-specific CO2 vS. O2 curves, any given
data at a load can be much more accurately corrected using the CO2 values

corresponding to the standard percent excess air or percent excess oxygen.

c.3 UNCERTAINTY ANALYSIS

As mentioned previously, there are two methods of correcting data to
a standard excess air percentage: either by the measured excess oxygen found
in the exhaust gases at the sampling point, or by using the measured carbon
dioxide (coz) in the exhaust gases. This section presents an analytical treat-
ment of which technique is more appropriate for gas turbine exhaust gases,

using an uncertainty analysis.

KVB71 66500-2052
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Figure C-1. CO_ vs. load.
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There are two methods of correcting NOx (measured) to NOx (corrected)

% O_:
at 15 2
21 - 15
Method 1 Noc = Nom g 02 (1)
(% co2 at 15% 02)
Method 2 NOc = Nom : CO (1)
2m
where .
subscript m = measured value
subscript ¢ = corrected value
21 = percent oxygen in air
If the uncertainties in Nom, L 3 02, and % CO2 are known, the problem

is to decide which correction factor provides the more accurate correction.

Differentiation and rearrangement of Equation 1 yields the resultant

uncertainty in the correction using excess oxygen.

The resultant percent uncertainty in Noc as a function of percent uncer-

tainties in Nom, % 02 measured, and the value taken for 02 in air (nominally

21%) is derived to be:

2 2 2 2 2
* Yo "vo 21 (15-0.) A W o * %
[} . m % 2 21 + 2 2
NO_ NO_ (21-15) (21-0,) 21 21-0 o,

The effect of Noh on NOc is direct. That is, a 1% error in Nom results

in a 1% error in uoc.

The effect of the exact value taken for 21, percent oxygen in air,
is small. Values between 20.9 and 21 are used in various references. At KVB,
21 is used most frequently. The Handbook of Chemistry and Physics gives
20.946 + 0.002. A value of 20.95 appears most appropriate for all corrections.

The effect of error in percent O2 is a strong function of the level of
02. Figure C-2 shows the amplification factor, 02/(21 - 02) as a function of
percent O_. At an O_ of 10.5% or below, the percent error in Noc is less than

2 2
the percent error in 02. For O2 over 10.5%, the error in NOc is sharply

KVB71 66500-2052
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Figure C-2. Uncertainty in corrected NOx.
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increased as O2 increases. At 17% 02, typical of gas turbine exhaust, the per-

cent error in NOc is over four times the percent error in 02. For example, a

5% error in percent O_ (17 + 0.85% 02) will result in a 21.5% error in NOC. 1f;

2
in addition, there is a 1% error in Nom, the error in Noc is:
2
) wNOc 2 2 2
—o . = (1) + (4.3)° (5) = 463
c
‘ whoc
T = 21.5,
c

The O2 error predominates and very accurate 02 readings are necessary for

reliable gas turbine data reduction.

The uncertainty analysis for correction by Method 2, using C02, results

in:

2 2 2 2
. wko . who R “60 . “bo
LN -7 Gy U +__..—2 +..___2
NO NO co co N
c/ m 2 2

In contrast to 02, the effect of CO2 is direct; i.e., a 1% error in CO2 results
in a 1% error in Noc. Comparison of the 02 Method 1 and CO2 Method 2 uncer-
tainty analyses indicates that, if the percent error in 02 and CO2 are equal,
Method 1 should be used when O_ is less than 10.5% and Method 2 should be used

2
when O_ is greater than 10.5%. At a nominal 17% O_ Method 2 should be used if

2 2

the percent error in CO. is less than 4.3 times the percent error in O

2 2°

Application of the formulas presented requires estimates of the

uncertainty in the following independent variables:

Nom = measured NO, ppm, dry

Ozm measured 02, %, dry
C02m = measured coz, %, dry

s C = fuel carbon, % weight

S H = fuel hydrogen, % weight
S N = fuel nitrogen, % weight
%S = fuel sulfur, & weight

$ 0

fuel oxygen, % weight
KVB71 66500-2052
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INSTRUMENTATION QUALITY ASSURANCE CHECKS
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X-5840, 5841

February, 1978
Revision C

BROOFS INSTRUMENT DIVISION

# =
N~ EMERSON ELECTRIC CO.
v : ; I N S T R l l < T | O N S Bl HATFIELD. PENNSYLVANIA 19440

IEMIERS0ONg

Mmoder 534 -ALAZMM
SAv 8112 -H-3(340

INSTALLATION AND OPERATING INSTRUCTIONS G- &1 - “Ae”
Dual Channel Mass Flow Controller CoL#z- """
Model 5840, 5841

Model 5841 Model 5840

CAUTION

Itis recommended that this publication be read in its en- - ,
tirety before performing any operation. Failure to un- N 07—; e
derstand and follow these instructions could result in

serious personal injury and/or damage to the equipment.
KVB71 66500-2052
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Section 1 INTRODUCTION
1-1 General Description

Brooks Models 5840 and 5841 Mass Flow Controllers
provide precise measurement and automatic control of
carrier gases, thus eliminating the need for continuous
monitoring and readjustment to maintain a stable gas flow.

Model 5840 is designed for measurement and control of
carrier gases in the dual column gas chromatograph and
has one gas inlet and two individually controlled gas
outlets. Model 5841 has two gas inlets and two individ-
ually controlled gas outlets and is designed for gas
blending and proportioning.

The flow rate for each gas outlet stream is set with a
precision potentiometer and maintained at flow setting
independent of changes in upstream or downstream pres-
sure conditions, with a closed loop control system. The
mass flow rate is displayed on a digital rate indicator.

The flow measurement and control module consists of
two Brooks Thermal Mass Flow Sensors and control
valves mounted on a common block, dual channel com-
parison amplifier, power supplies, set-point potentiometers,
digital display, and pressure gauge (5840 only) all
mounted in a compact enclosure.

1-2 _S_pecifica_tions .

CAUTION: Do not operate this instrument in excess of
the below specified values.

a. Standard Ranges — Model 5840: Argon, Helium,
Hydrogen, and Nitrogen.
0- 50 sccm, 0- 100 scem, O - 200 sccm, O - 500 sccm
Other ranges available upon request: Minimum full
scale flow rate 0 to 10 sccm, maximum full scale
flow rate 0 to 5000 sccm.

tandard Ranges — Model 5841: Each Channel

0 - 10 sccm, 0 - 20 sccm, O - 50 sccm, 0 - 100 sccm,
0 - 200 sccm, 0 - 500 scem, 0 - 1000 sccm, 0 - 2000
sccm, 0 - 5000 sccm

c. Power Requirements: 100 vac 50/400 Hz, 115 vac
50/400 Hz, 230 vac 50/400 Hz

d. Maximum Safe Working Pressure: 150 psi
e. Pressure Differential: 5 to 50 psi

f. Temperature Range: 40°F to 150°F (gas and elec-
trical environmental)

g. Gas Connections: 1/8” or 1/4" Swagelok
h. Set-Point Repeatability: +0.15%

i. Accuracy: £1.0% full scale including linearity (max.
temperature variation: £10°F.)

j. Time Constant: 2 seconds

k. Flow Rate Display: 3-1/2 Digit LED

i. Pressure Gauge: 0 to 100 psi (5840 only)
m. Dimensicas: Refer to Figure 2-1.

Section 2 INSTALLATION
2-1 Receipt of Equipment

When the equipment is received the outside packing case
should be checked for any damage incurred during ship-
ment. |f the packing case is damaged, the local carrier
should be notified at once regarding his liability. A report
should be submitted ot the Product Service Department,
Brooks Instrument Division, Emerson Electric Co.,
Hatfield, Pennsylvania 19440.

Remove the envelope containing the shipping list. Care-
fully remove the equipment from the packing case. Make
sure spare or replacement parts are not discarded with the
packing material. Inspect for damaged or missing parts.

2-2 Return Shipment

Do not return any assembly or part without a return
material report. The return material report is available
from all District Sales Offices and the Product Service
Department, Hatfield, Pennsylvania. Information describ-
ing the problem, corrective action, if any, and the work
to be accomplished at the factory must be included.

2-3 Service Information

Should this equipment require repair or adjustment,
contact the nearest Brooks District Sales Office.

It is important that servicing be performed only by
trained and qualified service personnel. If this equip-
ment is not properly serviced, serious personal injury
and/or damage to the equipment could result. °
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> 100 voc
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==
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Figure 2-1 Dimensions, Models 5840. 5841
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Figure 2-2 Internal Wiring, Models 5840, 5841

2-4 Installation

The Dual Channel Controller should be located in a
clean dry atmosphere which is relatively free of shock
and vibration. The instrument must be level within
129 and is supplied with leveling feet at the front corners
of the instrument, and a spirit level at the top of the
enclosure. When properly leveled, the digital display will
indicate zero or slightly positive at no flow.

All gas connections to the controller are either 1/8" or
1/ ** Swagelok.

Section 3 OPERATION

3-1 Operating Procedure

CAUTION: Do not operate this instrument in excess of
specifications listed in Section 1-2. Before placing the
unit into operation, make sure all gas connections are
tight and all electrical connections have been completed.
Ensure that the instrument is level within £2°.

To place the instrument into operation, proceed as follows:

a. Apply power to the instrument.
b. Allow the instrument to warm up for approximately
10 minutes.

PCWER | | RESISTOR OPERA- 0-5 VOLTS
SUPPLY | BRIDGE TIONAL e ouT
NETWORK AMPS.

55

Figure 3-1 Fiow Sensor Operational Diagram

c. Slowly introduce gas flow into the system.

d. Set the appropriate controls to bring the instrument
to the desired operating level.

e. Switch the toggle switch on the front panel to de-
sired channel to be monitored on readout.

f. Actual flow rate is displayed on digital readout.

KVB71 66500-2052




3-2' Theory of Operation, Flow Sensor
(Refer to Figure 3-1)

When line voltage is applied to the power supply, the ac
line voltage is stepped down, rectified, filtered and reg-
ulated to provide a plus (+) 15 volt dc and minus (=)
15 volt dc output to the flow sensor.

A constant current amplifier powers a heater coil that
uniformally heats the gas flow stream. As a result, both
the upstream and downstream sensor coils are heated by
the gas flow stream.

At zero, or no flow, a balanced bridge circuit is established
to provide a zero or no flow output signal. As gas flows
within the sensor, a temperature differential is created be-
tween the upstream and downstream sensor coils. This
difference is directly proportional to the mass flow rate.

The resulting differential is applied to the input of the dif-
ferential amplifier. The amplifier generates a 0-5 volt dc
output that is directly proportional to the mass flow rate.

3-3 Theory of Operation, Flow Control System
(Refer to Figures 3-2 and 5-1 thru 5-8)

The Dual Channel Mass Flow Controller contains three
integral power supplies. The supply for the digital readout
consists of a power transformer T1, a full wave bridge
rectifier CR1, CR2, CR3 and CR4, ripple filter capacitors
C1 and C2, and regulator VR1 which supplies a regulated
+ 5 vdc output. Refer to Figures 5-1 and 5-2.

A separate plug in P.C. board contains a £15 vdc supply for
powering the flow sensors, dual amplifier and dual com-

parison amplifier, and a +12 vdc supply for powering the -

flow control valves. Refer to Figures 5-3 and 54. The
15 vdc supply utilizes power transformer T1, full wave
bridge rectifier CR1, CR2, CR3 and CR4, ripple filter
capacitors C1, C2, C3 and C4, zener diode regulators CR9
and CR10, and series transistors Q1 and Q2. The emitters
of Q1 and Q2 provide a regulated £15 volt dc output. The

+12 volt supply utilizes transformer T1, a full wave bridge -

rectifier CR5, CR6, CR7 and CRS, ripple filter capacitor
C5, and regulator U1 which provides a regulated +12 vdc
output.

The command (set point) potentiometer is a precision 10
turn, 1k ohm potentiometer with an integral turns count-
ing dial permitting accurate and repeatable adjustments of

the mass flow rate to 1 partin 1000. Refer to Figure 5-8.
Constant current from the command potentiometer source
current section (CR3, Q4, and U2 pins 1, 2, 4, 8, 12, 13)
is fed through the command potentiometer to circuit com-
mon. When a value is selected on the command pot, the
voltage developed across it is applied to the non-inverting
terminal 6 of the comparison operational amplifier U2
pins 4,5,6,7, 8,9, 10, 13). The comparison op-amp turns on
driver transistor Q6 which drives the base of the solenoid
control valve current control transistor Q5. Current flow-
ing through the solenoid valve causes the valve to open al-
lowing greater flow through the flow sensor. The voltage
developed by the transducer is applied to the inverting
terminal 7 of the comparison amplifier and comes out re-
versed polarity which throttles back on the drive transistor
Q6 until equalibrium is established. Adjustment R16 is
set to produce 5.0 volts across the command pot when set
to its maximum value, and R21 is adjusted to produce a
zero output when the command pot is set at zero.

Section 4 MAINTENANCE
4-1 General

No routine maintenance is required to be performed on
the mass flow controller other than an occasional cleaning.
If cleaning becomes necessary, the flow sensor and final
control valve may be cleaned with Freon; flush in both
directions and air dry thoroughly. The in-line filtering
element should periodically be replaced or ultrasonically
cleaned. The 2 micron element is accessible by removing
the inlet fitting and spring.

4-2 Flow Sensor

The user should not attempt to disassemble or repair the
flow sensor module. Should the flow sensor become in-
operative, consult the factory.

4-3 Final Control Valve

The final control valve may be disassembled in the field by
the user for cleaning or servicing. Parts should be cleaned
with Freon or may be ultrasonically cleaned. Disassemble
the valve as follows:

1. Remove the hex nut on top of valve assembly.

Gas FLOw e (SEM)
............ .
nov | casmow coutmow CoLUMN |
b ol ; conTRaLE0
PRESSURE S,
e
comm
e ”a ARP(
GAS oW W cont
58%0) anee AnR2
comn.
.
c 2
;& GAS NOW ?‘;’:gt CoLuMN
............ p ONTROLLED *
008 PLOW 14 (S8%)

COMMAND SIGNAL

Eoorvpcuxr.s)
Y/
e \ i
& ™\ FLOW SIGNAL
:
;
Lo IO%  FlOow _ I00%
00§ YOC (IX)

Figure 3-2 Flow Control System Block Diagram
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Figure 4-1 Command Pot/Comparison Amp. Alignment
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2. Carefully remove the cover/coil assembly.
3. Remove the hex retaining ring and carefully remove
the valve stem assembly from the valve bese.
4. Removs the plunger assembly.
5. Remove the orifice.
Clean parts and carefully reassemble in reverse of the

above procedurs. it is recommended all O-rings be
nplaad upon mmbly of tho valvo.

4-4 convollwAd’nmm

Ead\mdmunmhmﬁmldlmuwno
compensate for resistance - tolerances in the command
potentiometer and comparison amplifier. These adjust-
ments sre performed : by the  factory during assembly,
however, .if either the command pot or the comparison

. amplifier .is replaced in the field, these adjustments must
be ;performed. by. the user or-an authorized service rep-

D s o P D

A

monuuml’macdafollovww s

*:.’lmtodueoﬂowmtothcsymmmdmeommmd
pot to full flow. .

b. Using a digital voltmow. monitor the command
mlnthocomm pot.plus and minus leads
mmmmmﬂowuwi”nﬂnmmmm
(column 1) or the red and white (column 2) leads.

- . Refer,to.Figures 5-7 and 5-8,-Adjust potentiometer .

ovic g(eolumnil)or :R18 -(column. 2) for.s command
~ signal of approximately 5.000 vdc and note the milli-

-4-volt diffm bctmm the command and flow
M& M BT

d Sneommand potm 10% ﬂowu\dadimtpoumao-
meter. R8 (column 1) or R21 (column 2) to obtain
8 minimum difference between the command signal
and the flow signal. -

e. Alternately check and adjust the 10% and 100%
points until the best straight line can be achieved be-
mmwmmduwﬁwws Refer to
Fiwn 4—1 5

45 ChmgmgGasTypedeap.city

Should nbmmmmwmmwupwty,ortype
of gas being metered, the flow sensor must be modified
and recalibrated. Consult the factory.

46 &I‘bntnon Adjustments

Itis roeommendod the uhbntmn be performed only by
an suthorized Brooks Service Representative. However,
these adjustments may be performed by the user if accurate
calibration facilities are available. Proceed as follows:
‘a. Instrument must be level within £2°.
b. Remove front panel/chassis assembly from case. The
i dual - amplifier - board is located inside the small
metal cover next to control valves. Cut-outs are pro-
vided to gain access to the adjustments without re-
moving the cover. On earlier models without cut-
outs, the dual amplifier cover must be removed to
perform the adjustments. Refer to Figure 56 for
. Jocation of adjustment components.
c ‘Apply line power and allow spproximately 10
¢ . minutes warm-up time.

A7 s S Tl i
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d. Set channel selector switch to channel to be
calibrated.

e. With a no-flow condition, adjust the applicable

ZERO potentiometer for a zero output indication
on the digital readout.

f. Introduce gas flow into the system and adjust flow
for approximate maximum flow rate for which mass
flow controller was originally calibrated.

g Perform a timed calibration run and collect in suut-
sble calibration equipment.

h. While observing digital readout, adjust Span pot to
obtain corresponding maximum flow rate. (Output
of Dual Amplifier at maximum full span is 5.000 vdc.)

. Reduce flow to 50% and correct flow verses signal
error with the linearity pot.

J. Perform asbove procedure on other channel if
necessary.

Section’ 5 TROUBLESHOOTING

51 General ’

A troubleshooting table “is provided as.an.aid.in basic
troubleshooting: to . determine. if major components are
defective. To further isolate problem areas, voltage checks
mshovmmFime-! 54, and 5-8. If the unit is
fwndwbodtfxunnfwtomshmunfou
list of available replacement parts wlm:h can be npheod
mﬂuﬁold ummﬁnmlmbbmct“u
Office. :

Section 6 PARTS i.lST

6-1 Recommended Spare and Replacement Parts
The following neommcndod spare and replacement parts
are available and muy be replaced in the field by the user.
When ordering parts please specify: Brooks Serial Number,
complete model number, part description, part number
and quantity. °

Dual Amplifier P. C. Assembly
Part Number S-097-2-543

Dual Channel Comparison Amplifier P. C. Assembly
Part Number S-097-2-549-AA-A

Power Supply P. C. Assembly, £15 voit and +12 volt
Part Number S-097-2-351-AA-A

Power Supply P. C. Assembly, 5 volit
Part Number S-087-2-580-AA-A

Power Transformer
Part Number W-011-B-032-AA-A

Digital Readout Module, 3-1/2 Digit (3-Digit discont’d)
Part Number W-544-2-073 -
Command Potsntiometer
Part Number W-635-D-010-GJE
Pressure Gauge 100 psi (5840)
Part Number F-369-2-058-AA-A
Toggle Switch SPDT
Part Number W-SSQ-O-OOB-LZ-E
Filter Element =

Part Number A-306-Z-034-8V-A
“ *KVB71 66500-2052



LA v me e * e i S UL N S e e

. e A

Noonl.uno (Power ON Ind.) 125 vac
~ Part Number W-506-C-008-PZ-Z

Gasket, Dual Thermal Sensor Cover (5840)
" Part Number A-375-E-076-SU-A

Gasket, Valve Block-to-Sensor Block (5840)
Part Number A-376-E-074-SU-A |

0-Rings; Flow Control Vaive 9/16 IDx 11/16 OD x 1/16 W
Part Number F-375-8-015-SU-A

..... Aoty T

R A T St MRS SOV 3

O-Ring, Flow Control Valve Orifice-to-Block
Part Number F-375-B-146-SU-A

O-Ring, Gas Connection Adapter-to-Block 7/32 1D x 11/32
ODx 1/16 W
Part Number F-375-8-009-SU-A

O-Ring, 6/32 ID x 9/32 OD x 1/16 W. (Located behind
filter element)
Part Number F-375-B-007-SU-A

€ — OENOTES TURRET TemmwaL

O —DENOTES WIRE WUMBER ON T1

[ S
——0—c®
e -
1 . ~ é Loyrute_+3vOC
ac r
:33: wm:; Il s ! “ﬁﬂwo
L H e I sV T l.oo v
I g G NOTE 2 I ' COMmMON
NOTES 3
1. FOR 100-UG VAL POWER IﬁlM' 8 FOR 1S-230val Mﬂ lNPU'T
JUMPER 'L TO'A ¢ '8 TO'L6. JUMPER "RET. TO “USVAL’
FOR 230VALC BOWER 1wWwPUT 2 BOR 100 VAC POWER 1NPUT ¢
JUMPER ‘A’ TO B’ JUMPER “RET.' TO 100 VAC'
8. ALL DIODES ARE WadO0e.
Figure 5-1 +5 Volit D. C. Power Supply Schematic Diagram :
Troubleshooting Chart : e % ;
| PROBLEM POSSIBLE CAUSE © CHECK/REMEDY -~~~ ~ |;
| e et
No Output Indication . No power-in" Check for 115 vac to transtormer ™o on |
' ’ Fautty Indicstor Check for output from sensor module.._. i
" Obstruction in sensor Fludtumorboﬁtdtﬂ:dmwiﬁm e t
e residuous solvent. Alr drv thoroud\lv
" Clogged Filter Uttrasonically clean or replace flter element. i
Indicator will not zero Sensor not level Check level. Musi bo wllhlnt 2° ¥
Out of Calibration Sensor not level Check level. Must be within £ 2°.
. Gas leak Check all gas connections.
Dirty Sensor Flush with non-residuous solvent.
Aiir dry thoroughly.
Change in composition Consult factory. Unit must be calibrated
of metered gas on type of gas metered.
Shift in electronics DO NOT ATTEMPT TO CALIBRATE UNIT,
SERVICE OR DISASSEMBLE SENSOR.
Consult Factory.
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Figure 5-3 +12 Volt, £15 Volit D. C. Power Supply
P. C. Assembly
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Figure 5-7 Dusl Comgarison Amplifier P. C. Assembly
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Figure 5-8 Dual Comparison Amplifier Schematic Diagram

Gm ‘

If at any time within one year after shipment but not thereafter it is proved that any part of the equipment furnished by
us was defective when shipped by us we will replace the same free of charge F. O. B. our plant. Notice of this claim must
be made to us within one year after delivery. Our liability is limited to replacement of such defective parts or equipment.
There are no guarantees or warranty expressed or implied other than those hersin specifically mentioned.

Brooks Instrument Division shall not in sny event be liable for any consequential damages, secondary charges, expenses
for erection or disconnecting or losses resulting from any alleged defect in the apparatus.

it is understood that corrosion or srosion of materials is not covered by our guarantee.

- : KVB71 66500-2052
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' MASS FLOWMETER TEST DATA . * .= "%
CUSTOMER ____ K. V. R, _
SERIALNO. 8112 4 36340 Col*!

MODEL NO. _S8Y |1 RI1IA2 MM
GAS Air

 RANGE O-1000 ScCmM
PRESSURE usS PSIG
CALIBRATION NO. ralliP= 0
CALIBRATOR afsS
DATE R kL 71982

1. CALIBRATION:

APPROX. SIGNAL OUTPUT

S m
% OF RANGE Jeciiasy] ACTUAL FLOW % ERROR
0 o0 .0 o TR o EO

25 ' 25,0 Y-/ S =3

50 @ . Sk.Oo - _weg 8 — *salsd

75 75,0 _ran e - 095 .
100 200 .0 —vooa. A8 =328 . .
. 50. . Sp-0 SO R =02

0 _ 0.0 . o i et et

.. FLOWe100% . - N e PR o

EMITTER VOLTAGE ____~ vDC - . R I RN
SENSORVOLTAGE ___ -~ = mv L A DI '
VALVE VOLTAGE ____ e VDG ey, T s T i e
ORIFICE SIZE oY S SRR SR T

CALIBRATION NOTES:

Brooks Instrument Division

Emerson Electric Company /
Hatfield, Pennsylvania 19440
(215) 362-3500 '
62 == b it s v
D KVB71 66500-2052.
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.+ MASS FLOWMETER TEST DATA'

CUSTOMER K. Y. B

ity SR i 4 o SERIAL NO. _B_Lﬁ_i(LS_HQ__nL_
, e T i . GAS Ny

S IR £ T R K RANGE __ - smon <Scem
3 ;-j:_:'.,:; P s el PRESSURE __ LS DOS/C

' 2 - N . ‘ CALIBRATION NO. C 71

b BELNA A -~ 4 CALIBRATOR___o8=
Sl S0 gk Y DATE . B Enh Bl i

1. CALIBRATION o E

<. APPROX.": - SIGNAL OUTPUT kL EEE: T ,
% OF RANGE ' _ ' _ACTUAL FLOW % ERROR = -

ke EMITTER VOLTAGE - VDC
2 SENSOR VOLTAGE e B MV
. 'VALVE VOLTAGE - vDC
ORIFICE SIZE oy

CALIBRATION NOTES:

Brooks Instrument Division
Emerson Electric Company
Hatfield, Pennsylvania 19440
(215) 362-3500

R 63
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APPENDIX F

EPA PROTOCOL 1 CALIBRATION GAS CERTIFICATIONS
FIELD CALIBRATION GAS ANALYSIS DATA SHEETS

KVB71 66500-2052
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 -ott Specialty Gases souem:

a division of

ental Technology, Inc.

2600 CAJON BLVD. SAN BERNARDINO, CA 92411 PHONE (714) 887-2571 Date Shipped 10-14-82
o 3 . 48777
ur Project No:
Your P.O. No: 26886

KVB Page __1 of _1 \

P.0. BOX 19518

IRVINE, CA. 92714 CERTIFICATE OF ANALYSIS — EPA PROTOCOL GASES*

(Concentrations are in mole % or ppm)
Cylinder Number AAL5954 Certified Accuracy_tl_% NBS Traceable Analysis Dates: First 3-23-82 Last __10-12-82
. PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS
COMPONENTS CONC DATE PRINCIPLE NBS/SRM’s FIRST SECOND
NITRIC OXIDE 87.31 PPM 4-12-83 CL SRM 16858 87.94 pPpM 87.31 PpM
&SRM 16838
NITROGEN BALANCE
v
Cylinder Number _ Certified Accuracy % NBS Traceable Analysis Dates: First Last
PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS
COMPONENTS CONC DATE PRINCIPLE NBS/SRM’s FIRST SECOND

*We hereby certify the cylinder gas has been analyzed

Analyst

TPNI ce

according to EPA Protocol No: 1

Approved By (é/)/»w'k Iz —

—REGENED

A - .. ).l.
C‘CT ,‘, TR

" INC. 2
RESE .mmﬂ"‘-“' &0
A RES

The only liability of this Company for gas which fails to comply with this analysis shall be replacement thereof by the Company without extra cost.

CERTIFIED REFERENCE MATERIALS ®m EPA PROTOCOL GASES ® ACUBLEND?™ m CALIBRATION & SPECIALTY GAS MIXTURES

PURE GASES m ACCESSORY PRODUCTS ®m CUSTOM ANALYTICAL SERVICES

TROY, MICHIGAN / PLUMSTEADVILLE, PENNSYLVANIA

KVB71 66500-2052



CALIBRATION GAS ANALYSIS DATA SHEET

Western Engineering Division
Technical Services

pate 4 -10-€3 Operator F 1sHER
Reference
Instrument ID/SN Model /2

Manufacturer Tkefw\.o L"[(f"ro/\

Zero Gas Composition Manufacturer Qco77 SPEC/ALTT

Bottle I0 AA(L 4737

Certified Span Gas

Composition AJD . /0.y Concentration §71.3] ppp A0
Manufacturer SQ/O'TT i SPECIATY It
Bottle ID AA /| 5954 Accuracy % / %
Certification: O NBS/SRM & EPA Protocol 1

0 EPA Reference Method

Trial Gas
Bottle ID AAL Composition /"JO; /l)f)y_ Mfgr Sr -~ 97,:- €y
Labeled Concentration /91 . /DO | 7
1

~

‘< [
Rated Accuracy # [/ /o

Instrument Range O ~ 250 ppr-

I

Calibration Data

Run No. Indicated Concentration¥* Difference
1 - HZ / 1< |
2 113 194.4 7.8
3 AR [99.5 75
Average Iolal -

*Zero and span checks between runs.

30 Of -|  KVB71 66500-2052
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P,

CALIBRATION GAS ANALYSIS DATA SHEET

Western Engineering Division
Technical Services

Date 4 - } ¢ - 95 operator /. F1S)KE R

Reference

Instrument ID/SN Model AR - (00 R
Manufacturer A7) ARAD

Zero Gas Composition (Q 2 Manufacturer <COTT SPECIALTY
Bottle ID AXL St

Certified Span Gas

Composition (O Concentration €. 3 PP m
1
Manufacturer S (s L‘E Specio ' '1[\/ @(c-s es I
- I [
Bottle ID [iA! 70,9  Accuracy * / %

Certification: 0 NBS/SRM g EPA Protocol 1
[0 EPA Reference Method

Trial Gas
A !
Bottle ID eg/l\ L 513 Composition o, o, O, Mfgr JceT
Labeled Concentration 375 .olp,»_;'o-“.";?é,}f?.’é Rated Accuracy * ] %

|R]
Instrument Range 0O — 2000

Calibration Data

Run No. Indicated Concentration* Difference
1 dL 31 %]
2 oz 34 -2
3 160 320 RO
Average 322.3% - .71

*Zero and span checks between runs.

KVB71 66500-2052
68



CALIBRATION GAS ANALYSIS DATA SHEET

Western Engineering Division
Technical Services

Date 4 - | g-£3 Operator /= /)SHER

Reference

Instrument ID/SN Model /AR = GOAR
Manufacturer A NERAD

Zero Gas Composition P)'(nc’ﬂcl Air Manufacturer _ -Scof -S‘P«'-'C‘ [a iy
Bottle 10 _AAL 4737

Certified Span Gas
Composition [ ) Concentration / e 22 ?/o
EET
Manufacturer 9C0‘H S‘pguah}‘/
l J
Bottle ID AﬂL, 4193 Accuracy % ] %
Certification: [ NBS/SRM [ EPA Protocol 1

0 EPA Reference Method

Trial Gas
Bottle ID AA( £]9 Composition¢d ¢p, O,  Mfgr C e ot
ka2l 1
Labeled Concentration3?¢ %ppw /0.49% 3.977% Rated Accuracy ! %

Instrument Range O — 'ZI - 7o

Calibration Data

Run No. Indicated Concentration¥* Difference
1 4l 10.45 04
2 418 16 .45 04
3 41 & [D.4S 04
Average D .48 04

*Zero and span checks between runs. :
' KVB71 66500-2052
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Scott Environmental Technology Inc.

Plumsteadville, PA 18949 Troy, Mi 48084 San Bernardino, CA 92411
(215) 766-8861 (313) 589-2950 (714) 887-2571

SPECIALTY GAS DIVISION

KVB | Date: 12-30-82
1310 E. EDINGER ST. Our Project No.: 49329
SANTA ANA, CA. 92705
Your P.O. No.: 27021
PAGE 1 OF 2
Gentlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as
reported by our laboratory, are listed below. Results are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

Cyl. No.  MALS19 ’RZ?ZZ’ES' % Cyl. No. __PAL599 f\giyrgccjl 1%
Component Concentration Component Concentration
OXYGEN 3.99% OXYGEN 3.99%
CARBON DIOXIDE 10.49% CARBON DIOXIDE 0%
CARBON MONOXIDE 325.9 PPM CARBON MONOXIDE PM

NITROGEN BALANCE NITROGEN BALANCE
GRAVIMETRIC MASTER* GRA IMETMSTER
Cyl.No_ M3 RCG H1 \ Cy1. V. AAL1642 poo ot
Component 2418 Component Concentration
OXYGEN NITRIC OXIDE 82.0 PPM
CARBON DIOXIDE NOX 84.0 PPM
CARBON MONOX NITROGEN BALANCE

NITREGEN BALANCE GRAVIMETRIC MASTER*

GRAV IC MASTER*
*CERTIFIED TO HAVE BEEN BLENDED AGAINST NBS CERTIFIED WEIGHTS AND VERIFIED CORRECT

BY INDEPENDENT ANALYSIS.
Analyst Approved By%&.@_—

KVB71 66500-2052
The only liability of this Company for gas which fails to comply with this analysis shall be replacement thereof by the Company without extra cost.
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CERTIFIED REFERENCE MATERIALS ® EPA PROTOCOL GASES
ACUBLEND® m CALIBRATION & SPECIALTY GAS MIXTURES B PURE GASES
ACCESSORY PRODUCTS ® CUSTOM ANALYTICAL SERVICES
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Uas S Scott Snvir ar

Tachnology, Inc.

-y

-4 " PLUMSTEADVILLE, PA. 1825 PHONE: 215-766-8861 \wWX:5 6659344 Date Shipped 10/22/82
Our Project No: 317922 (48863)
o ' 26894
ATTN: ROGER GRIFFEN Your P.O. No: 9
1310 E. EDDINGER Page of 2
SUITE E _ ;
SANTA ANA, CA 92705 CERTIFICATE OF ANALYSIS — EPA PROTOCOL GASES*
' (Concentrations are in mole % or ppm)
Cylinder Number AAL~9T60 Certified Accuracy____*1 % NBS Traceable Analysis Dates: First 10/14/82  ast__10/21/82
wmme e PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS
COMPONENTS CONC DATE PRINCIPLE NBS/SRM's FIRST SECOND
OXYGEN 9.044% 4/21/83 Paramagnetic 2658, 2657 9.046% 9.043%
NTTROGEN BALANCE '
Cylinder Number M-8 Certified Accuracy *1 % NBS Traceable Analysis Dates: First 10/15/82 |4, 10/22/82
PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS
COMPONENTS CONC DATE PRINCIPLE NBS/SRM'’s FIRST SECOND
CARBON DIOXIDE 12.22%. 4/22/83 Thermal Conductivity 1675, 1674 12.21% 12.23%
NITROGEN = _BATANCE

*We hereby certify}the cylinder gas has been analyzed according to EPA Protocol No: 1

l/
Analyst ‘éju'l/f"" /7‘/'/ ///_,/b/

Penrose Hallowell, Jr.

Approved By.

Ws Nevfll

The only liability o' this Company for gas which fails to comply with this analysis shall be replacement thereof by the Company without extra cost.

CERTIFIED REFERENCE MATERIALS :1 EPA PROTOCOL GASES 3 ACUBLEND® 1 CALIBRATION & SPEC!ALTY GAS MIXTURES

PURE GASES 3 ACCESSORY PRODUCTS m CUSTOM ANALYTICAL SERVICES
TROY, MICHIGAN / SAN BERNARDINO, CALIFORNIA KVB71 66500-2052
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MOBILE LABORATORY DATA

Company Rus70A) / ArRco A A S kA Location KUPARU k.
+ + .

3 ,&qﬁoe Ba\ll

Unit No. P 2202 B capacity Data Taken By F/SHER

Unit Type GAS TuRBIAE Burner Type

1. Test No. /-] -2 1 -3 | Calibradins
2. Date G Slhe | s)e | s/is
3. Time lo)e) 40 liOo (éoo
4. Load, MW 0% | 80% | $0% |

5. Fuel Type GAs (=AS GAS

6. Probe Position and Port ID 14 [ 41w (14 |

7. Oxygen (%) [1.7 17.0% 13 68

8. Nox/15% 02 (ppm) 34.0| b225| .0 62,3 | 32.6] 59,3

9. NO/15% O, (ppm) AN-S | 5768131-§ |58.2.]31.4] 51,

10. Carbon Dioxide (%)-Stack Z- IS -2 2.2

11. Carbon Monoxide (ppm) uncor/cor 20 |%.6|130 |5449] 30 |54(,

12. Hydrocarbons (ppm) uncor/cor 3 —

13. Sulfur Dioxide (ppm) uncor/cor = i

14. Atmos. Temp. (°F) wet/dry /0 10 10

15. Relative Humidity . (%)

16. Atmos. Pressure (in. Hg) 4.05 30.04 30.04

17. Calibration: (ppm) as found/cor ; fre Tesd
18. MO (Cyl #AAL 5954 18%.3ppmpsig) @ 1223|873
19. O (cyl # AAL 519 i 375smpsia) @ |3rs.9 |9
20. 02 (Cyl # AL 4137 :Zo.‘!df._psig) Z ook (2.9
2. COr(Cyl # AL 5\& 5> 49%psig) & 1245 |29
22, SO, (Cyl # ; psig)

23.

24,

25.

26.

27

74
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MOBILE LABORATORY DATA

Company QU $19A) I/ﬁRCD AL ASkA  location kUPARUK / FIMJLoe Bey
L R4 I 4

——

Unit No._ P 2202 © capacity Data Taken By /ZA/SHER

Unit Type GAS TURBIVE Burner Type

1. Test No. |- 4 -5 | ) -] @al;’BrJt
2. Date 5)ie s/ie '5//{ 5/19
3. Time [eis /300 425 [430
| 4. Load, MW &0 b 9’070 $0% 94 Yo
5. Fuel Type GA S &AsS &AS Gﬁs ‘
6. Probe Position and Port ID ¢ ol ]lwoli4alv | 14 _ (%)
7. Oxygen (%) 1%e |7.€3 1383 |

8. NOx/15% O2 (ppm) 33.[]62.5[32.% | 62.4|32.04 (.2

9. NO/15% O, (ppm) 3.1 60.131.3]¢05) 3).1] 54.3]

10. Carbon Dioxide (%)-Stack y g Z2:T L.¢

11. Carbon Monoxide (ppm) uncor/cor 20 [23%//0 | 19.1 y0 |19.]

12. Hydrocarbons (ppm) uncor/cor il = oK

13. Sulfur Dioxide (ppm) .uncor/cor — T e

14. Atmos. Temp. (°F) wet/dry ' 10 13 1>

15. Relative Humidity (%) :

16. Atmos. Pressure (in. Hg) 20.04 30.0¢73 30.05

17. Calibration: (ppm) as found/cor ' )

18.313%,310 (Cyl #AAL 5854 : (215 Ppsig) 77.6 |92 3
19.32586:€0 (Cyl # AA( 519 i (800 psig) éé.z*iﬁ
20.20,%?'/:02 - (Cyl # AAL 4333 ¢ [(00 psig) 20.9§

21. |0.44%£0, (Cyl # AAL S|4 7 [800 Ppsig) 1249 | n49
22. SO, (Cyl # ; psig)

23,

24.

2D

26. : ; .

27.

KVB71 66500-2052
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MOBILE LABORATORY DATA

company Ruston) I/A&ca ACAskg Location /RUPAKUK.//’ruc“ot B*y

Hf’ Data Taken By F /SHER

Unit No. f 2202 B Capacity

Burner Type

Unit Type (241AS TURRRAIE

? M-70 ComPL] RACE ¥ ] Run
‘ 1. Test No. y Mo, 2 2-3 2-4 Y b
j 2. Date slig | 5)is slis | §)is
; 3. Time 1435 | 1440 | 1445 | Mso
i 4. Load, MW R0 Yo 507 §O0 /1 | ¥0 4
5. Fuel Type GAs | &AS GAS | GAS
6. Probe Position and Port ID 4 | O 41w (14 ]V | 14]D
7. Oxygen (%) 17 L8 [F.75 J 175 | &3
8. NOx/15% O2 (ppm) 31 |56.0P. | 58.8]31.8] 5%.1|32.2[ 614
9. NO/15% O, (ppm) 303 ]55.9] 30.4156.530.8 | 53.3] 30459 9
10. Carbon Dioxide (%)-Stack 2225 2.L5 2.25 r.2S
11. Carbon Monoxide (ppm) uncor/cor 10 | 1%.2 1O 1136110 [ 18610 19.1
. 12. Hydrocarbons (ppm) uncor/cor - = 0 S
13. Sulfur Dioxide (ppm) uncor/cor e v R e
14. Atmos. Temp. (°F) wet/dry ' 13 {3 1> [3
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 20.p5 30.05 30-05 30.05
17. Calibration: (ppm) as found/cor ' Post Test
1881350 (Cyl # AM 5954 : (775 psig) of 751813
19.,3254,,S0 (cyl # AA( 5)9 i J§oD Ppsig) P 32593259
20.20.15%32 . (cyl # AAL 413%: (100 psig) 26951 20 4¢]
| 21./0.49%C0, (Cyl # AAL 519 : 180D psig) g 110.4% |10.49
22. SO, (Cyl # ; psig)
23.
-24.
25.
26.
27.

KVB71 66500-2052
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Record instrument calibrations and drift over the duration of the gas

traverse. Reset calibrations in pPreparation for the next run.

Date/Time 5-18—£3 //4'55

NO Calibration After Test

Anlayzer Type T E(CD S/N

High Range Gas Conc. £7.31 ppm Z Full Scale &3?.3)
r

Zero Cas @/IU?_ ’a'n'm Z Full Scale g

02 Calibration After Test

Analyzer Type ne S/N
Atmospheric Conc: 20.9%, %Z Full Scale £3.¢ %
Zero Gas J Z Full Scale Z %

Zero apd Span Drift Data
Turbine Type Ruston - S§/N
Date: 5 -19-83%
Test No._2-Z theu 2-5
#] Run of M"?—Q

-~

INITIAL FINAL DIFFERENCE %
CALIBRATION CALIBRATION INIT.-FINAL OF SPAN
ppm or % ppm or % ppm or 7%
NO Zero Cas 1% 2 z 2
NO Span Gas 8.3 £1.S 0.2 , | 0.2
0 Zero Cas — e e —
02 Span Gas 20.95 20.1s Y2 * 2

Absolute Value of Difference
Instrument Span

Z of Span = x 100

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm
then 2 ppm shall be subtracted from the difference between the initial
and final readings

KVB71 66500-2052
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MOBILE LABORATORY DATA

Company_ﬁMSTo/U’/ ARCD  ALASKA Location Fu FARUK !F{ua"«oe Bc«\/

Unit No._@ Tl P Capacity Data Taken By F ISHENR /
Unit Type(\AS TURBWE Burner Type

M0 ComPLIAME #Z KuA
1. Test No. -6 -1 -5 Z2-9
2. Date s/ s)he sle | s)he
3. Time 1565 /Si0 /515 /520
4. Load, MW %0 Yo §0°46| §0% 50 % |
5. Fuel Type G<AS GAs GAS G
6. Probe Position and Port ID M WOl 4| O 14- w 14' )
7. Oxygen (%) t.5& 1175 | 115 s
8. NOx/15% O2 (ppm) J2.1 |52,0|303](0.| [32.0|549.5132.F (1§
9. NO/15% O, (ppm) 31 4| 554319 | 58.913]. 2| 58.0]3/.5]54.5
10. Carbon Dioxide (%)-Stack z.2% .28 .25 2.25
11. Carbon Monoxide (ppm) uncor/cor 44 1311138 |90.H 26 |48.3 20 [49.1
12. Hydrocarbons (ppm) uncor/cor — a2 . il
13. Sulfur Dioxide (ppm) uncor/cor — - - =
14. Atmos. Temp. (°F) wet/dry ' 13 13 |13 [3
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 3D.0¢5 30.0¢ | 30.06 30.0¢
17. Calibration: (ppm) as found/cor Fre Tesd 2Lee 4 Tect
18'.8114;}10 (cyl # AA( A4 1175 psig)|¥7.5|,2.3 g |8+ 3| §1.3
19.359,.C0 (Cyl # AAL 519 /oo Psig)|ys.9 |325.9 g 3541359
20.2045%92 (Cyl # pAA( 433%i oo  Psig) 120-5 17095 & |20.95 |2a95
21. /043 %C0, (Cyl # AAL 519 i /foo  Ppsig) [-49 |10.49 Z (10404
v i SO, (Cyl # ; psig)
23
24.
25.
26.
27,

KVB71 66500-2052
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Record instrument calibrations and drift over the duration of the gas

traverse. Reset calibrations in preparation for the next run.

Date/Time S-1§-£3 /ISZ.‘L__

Anlayzer Type TECO
High Range Gas Conc.

NO Calibration After Test

S/N

&871.3 Z Full Scale &7.3

Zero Gas %Z Full Scale yZ4
02 Calibration After Test
Analyzer Type Teledyne S/N
' .

Atmospheric Conc:

Zero Gas

20.9%, % Full Scale £3.8

Z Full Scale J7,)

Turbine Type
Date: 5-18-83

Zero and Span Drift Data

Ruston -~ S/N

Test No._2-(p thru 2-9

INITIAL FINAL DIFFERENCE y 4
CALIBRATION CALIBRATION INIT.-FINAL | OF SPAN
ppm or % ppm or 7% pPpm or 7%
NO Zero Gas B4 %) ﬁ z
INO Sf)an Gas £7.3 473 o & ﬂ
02 Zero Gas - e = s
02 Span Gas 20.98 20.95 Z = &
% of Span = Absolute Value of Difference x 100

Instrument Span

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm
then 2 ppm shall be subtracted from the difference between the initial

and final readings

KVB71 66500-2052
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MOBILE LABORATORY DATA

Company RWST6A, j ARCo ALASK O Location AU PARUI / flac//\or Bay

Unit No. P L0  capacity Data Taken By FISHER
Unit TypehAS T7uRBIWE Burner Type

M-S tomP(lAte F# 3 RudM
1. Test No. z2-[D 2-11 l-I2 &+13
2. Date slie | slis | sls | shs
3. Time 1535 [S 40 1545 | /S50
4. Load, MW 89%o 5$0% 8§0%| 80%
5. Fuel Type GAS| &As | 6AS Cas
6. Probe Position and Port ID 41 | 4|l |4 |0 |14
7. Oxygen (8) 1.7 | 1?75 | 128 | [B§
8. NOx/15% O2 (ppm) 32.3|60,] |35.4|61.1|324 | bl.234.6|65.4
9. NO/15% O, (ppm) 3.3 |5%.1{32.86] 60.6| 31.3]| 54.1[33.3[629
10. Carbon Dioxide (%)-Stack 2.25 2.25 1-26 2:5
11. Carbon Monoxide (ppm) uncor/cor 36 |66 40 |[HA4 40 |15.6] 40 [F5.0
12, Hadebeinhmaiiope)—uligswiver .05 | 15 % v Xow i P b':’,‘:}
13. Sulfur Dioxide (ppm) uncor/cor sl — i
14. Atmos. Temp. (°F) wet/dry 13 ) 13 3
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 30.05 30).05 30.08 30. 0~
17. Calibration: (ppm) as found/cor Pee Test 2600 |fost Test
18. §7.3, N0 (Cyl #MAL 5554 :1T50 psig)|7.7(81.7 g |81% [ 923
19.3759,60 (Cyl #A4; 5)9 51375 psig) 3259 [715.9 20 |s00.0 763 | 1% ot
20.10.95%02 . (Cyl #aAL 433% i I0SD _psig) |70.15(70.45 2 2835 |wa3s
21.)0A43%CO, (Cyl #4AC 59 i |?75  Psig) |/0.43[ 0.4 B |0.4% /0.4
22 SO, (Cyl # i psig)
23.
24.
25,
26.
27.

80
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Record instrument calibrations and drift over the duration of the gas

traverse. Reset calibrations in preparation for the next run.

Date/Time 5-)8-8&% / 555

NO Calibration After Test

Anlayzer Type TE(C DO S/N
High Range Gas Conc. £7.3 % Full Scale 473
Zero Gas o - ' Z Full Scale z

02 Calibration After Test

Analyzer Type Tele_Av,qL S/N
Atmospheric Conc: 20.47., % Full Scale &3. 8
Zero Gas & % Full Scale ___ g

Zero apd Span Drift Data
Turbine Type  Rustewn - S/N
Date:  S-14-83
Test No._ 2- )0 theuw  €-]3
#3 Run M-20

-~

INITIAL FINAL DIFFERENCE %
CALIBRATION CALIBRATION INIT.=FINAL OF SPAN
ppm or % ppm or 7% ppm or 7%
NO Zero Gas %] Z *] §24
NO Span Gas £%.3 ¢+7 D. 4 4 04’
07 Zero Cas s s sewsnd e
02 Span Gas 20.49s 20:7§ 0.2 * 0.8

Absolute Value of Difference
Instrument Span

% of Span = x 100

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm
then 2 ppm shall be subtracted from the difference between the initial

and final readings

KVB71 66500-2052
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MOBILE LABORATORY DATA

Company Ruston, / BwcC Location KURARUK Al Aska /AfC;)
Unit No. P 2202 ® Capacity Data Taken By F|SHER
Unit Type GAS TulRBIAVNE Burner Type
- STACK
1. Test No. CALIBRATID
2. Date 5}/&/’}
3. Time I 6. o t+
4. Load, MW
5. Fuel Type

6. Probe Position and Port ID

7. Oxygen (%)

8. NOx/15% O2 (ppm)

9. NO/15% O (ppm)

10. Carbon Dioxide (%)-Stack

11. Carbon Monoxide (ppm) uncor/cor

12. Hydrocarbons (ppm) uncor/cor

13. Sulfur Dioxide (ppm) uncor/cor

14. Atmos. Temp. (°F) wet/dry
15. Relative Humidity (%)

16. Atmos. Pressure (in. Hg)

17. Calibration: (ppm) as found/cor ZERD
18.£77. NO (Cyl #AAL 54954 ¢ jz 50 Psig)| BL |¢2.3 (.08
19.251,€0 (Cyl # APL 59 ;i (3795 Psig) &
20-?0:‘15‘:/202 -(Cyl # Ap| 433%: |050 psig)|zo-F|20.95
21.10497C05(Cyl # pp: £'% i (775 psig) )4
22. SO, (Cyl # i psig)

23.

24.

25.

26.

27.

KVB71 66500-2052
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MOBILE LABORATORY DATA

Company R ¢ 5710 / bwe

Location KupARuk [/ ARco ALASka

Unit No._ £ 2107 B Capacity Data Taken By E ISHE R
Unit Type  (AS TuRBINE Burner Type

O Jcaverse MSs—Crmithrnas—INt 1T
1. Test No. I— ¢ -2 [-3 /-4
2. Date sl | slie | she | s/ie
3. Time 1#40 1748 /255 [808 |
4. Load, MW £4% §4 %o 84 % £4 %
5. Fuel Type GAS GAS GAS| GAS
6. Probe Position and Port ID { | W z | W 3 |W | 4 |V
7. Oxygen (%) 18.0 (+#.93 /7.8 .8
8. NOx/15% O2 (ppm) B3.2.|#5.0 (37,2 |73.3 | 32.4 #0.3| 3¢.5] 8.9
9. NO/15% O, (ppm) 36 |7.0] 36 [70.9] 3¢|64o] 35.204(.5
10. Carbon Dioxide (%)-Stack .25 2-26 7-25 2.25
11. Carbon Monoxide (ppm) uncor/cor 50* 00. 8 501 9¢.5 5ﬂﬁ+ﬁ 501 94 4
12. Hydrocarbons—{ppm)—uneexifeer— ( D "ié -\’Z— "15" g& N
13. Sulfur Dioxide (ppm) uncor/cor . i e i
14. Atmos. Temp. (°F) wet/dry 13 13 /3 /3
15. Relative Humidity (%) '
16. Atmos. Pressure -(in. Hg) 20. 05 3D.085 30.05"| 30.0%F
17. Calibration: (ppm) as found/cor Pre’ Tesf i '
18.57.3, N0 (Cyl # AAL 5954 |256 Psig)
19.3152 580 (Cyl # Ap| 519 : 1375 psig)
20-?0.‘?5'4'02-.(cy1 # AL 4733 i loSo psig)
21. 0.49%C05 (Cyl #AL) 519 i 177G psig)
22, SO, (Cyl # ; psig)
23.
24. X0 Reco Ariuu‘
25,
26.
27

83
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MOBILE LABORATORY DATA

Company Ruston /& w e Location KufARUK ,j ARCO ALASKA
Unit No. PP 220t B capacity Data Taken By [ /SHER
Unit Type GAS  TuR BIVE Burner Type
L2 O- TRAVERSE
1. Test No. = & |- & ]- F /-&
2. Date 5!'9 She S [e 518
3. Time [815 185 | 1835 | )840
4. Load, MW 4% | 84 Yo | 84 | 84 Y
5. Fuel Type CAs A A< GAS
6. Probe Position and Port ID =S 6 |W Flw]| &| W
7. Oxygen (%) 7. & )7 @ /3. &1 7 &
8. NOx/15% O2 (ppm) 54.5 |65.2|340 642|350 [CC.[|3¢.%|67 3
9. NO/15% O, (ppm) 37.2 |62.9|32.2 | (,2.0]| 37- 8§38 [35.5 |¢Z)
10. Carbon Dioxide (%)-Stack 2—‘-2'25 ‘Zk.'ZS Tk Eg{ tot
11. Carbon Monoxide (ppm) uncor/cor So |14.4| so 44| 50 -4 gl;o HA *Cofﬂ to
l 12. Kydroearbens—{ppmyuneexfesr C 0O -i;— % "g "_E' S~ C%ofep.\o(gg
13. Sulfur Dioxide (ppm) .uncor/cor -— i sl ZERD IRIF
14. Atmos. Temp. (°F) wet/dry ) 1> 13 /3 1>
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 3005 30.05| 30.05 | 30.0F
17. Calibration: (ppm) as found/cor h 2o |Fost Test
18.87.3,..NO (Cyl # AAL 594 ; 250 psig) D |13
19.375".}}90 (Cyl # AAL 519 i 133=  psig) : 43 |3%0
20.20.95702- (Cyl # AAi 4737 i [oso Psig) 20.95|
21./0 449C05 (Cyl # AAL 514 i 375 Psig) @ oA
22, SO, (Cyl # ; psig)
23.
.24.
25, ¥ 0D zero Defded
26.
27,

KVB71 66500-2052
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(-

RusTon Tu&BWE/A(w ACASKA

R&ronsc Time Test 5/[? €3
uw (T f 2202 G
: . WRPRfu | cm/ samnE (o)
ZE RD To SAMPLE 'm}iismn Y /e S
S?Ré\f) To SAmeLE G420 . g6 30.9
il 1338 - /636 (20)
ZERb o S AMPLE 155 07 3
t 146300:5) - L4
SPAD Yo SAmPLE 65 £ 2.
144 (25) - /L %% (0>
ZE To  SAMPLE | o 05 /7.5
1 ¥ sesoles) - k54
sPd o samPLE 216 gs.6 9.1

bl Mot (ss) - o5 (03)
sP¢ To SAMP 5.5 I2 »
s AniLE (7ot é;zf; — |7 (24) $ °

ZER Vo smecE 1+ 05 6.0

*P;;@;;;arc I‘/om C&,iélafr,n Gc«s Bgl/es f""fd o '.’7“. HC“C?, o+

‘*oﬁk o lom.l time o seach o slea’lr ree f‘ij az/ A das low.
_le devﬂ_&(_ﬂ - 5.’ 10 min /'01.0\"'

. Pomf _91 ANo
o 8.0 26
' T 11.93 3C
3 I+.8 3C
4 7.8 351
5 1.€ 33.3
L I?-' 32»8
T 1.8 33.8
l}g 3 5 KVB71 66500-2052
; . ’
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Sepeee . T

Zrro 1o SAmPLE
Sfpe) 7O S{fwlE

— RERo To SAmMPLE
J/ SPew  To s anPLE

__—~ ZfRo To SEmPLE
I spany  To SEwerLF

;/15/33

TIME (sec)

0953 (14) 05§

los4 z(;?)u:ool

s

oIl (530S (08)
}ou(sl-f) o4 (15)
200
Iot® (e) 1031(40)

00
1036 (80) 1033 (0)
190

90

&\A>‘lo'\ /BU)C

ARcO Alrske

READINGS (pr=)
00

. 05 /5";
TR / 39

0.0s / 39
¢#/ 40

s.s / 39
¥2/ 40
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MOBILE LABORATORY DATA

Beay
4

91

Company RW $TonD BWL/AR(.,D AL2StA Location [<UPARUK ‘ Prudloe
Unit No. ¢ 2zdbt A Capacity Data Taken By FISHER
Unit Typep Ay T uwROIVE Burner Type
M-10 comPCIAMCE Rumw #)

1. Test No. ) -1 |-T [-3 -4
2. Date A.S/lq 5//9 5//" ZLL’ ‘
3. Time $TART @ o | llox 4 nz\ 28
4. Load, MW €4/ ¢4 %o 4% | 84 %
5. Fuel Type GAS GAS GAS | GAS
6. Probe Position and Port ID | S & |9 3|s |4 |s
7. Oxygen (%) 2.3 1?.S 113 /%3
8. NOx/15% O2 (ppm) 32.3|e3.1147.0| 0.4 41.5)(%.¢540-5166.0
9. NO/15% O, (ppm) 38.5162.8[41.1130.9(40.2] (6.5]140.0]45-
10. Carbon Dioxide (%)-Stack .15 2.2§ 2.38 2,38
11. Carbon Monoxide (ppm) uncor/cor 1S |lwz| 84 [449| S [14.8]| ez [i33.%
12. Hydrocarbeons—(ppm)uncerieexr (D 55 Tf‘r b%— (4*2- £ f:;‘;zilo I:RF
13. Sulfur Dioxide (ppm) uncor/cor = o .
14. Atmos. Temp. (°F) wet/dry \3 3 13 3
15. Relative Humidity (%) |
16. Atmos. Pressure -(in. Hg) 29.¢0 29.5C| 19.5C 29.8C
17. Calibration: (ppm) as found/cor Cre Test '
18.8‘]3#{0 (Cyl #AA( 554 7 1176 Ppsig)| 87.3
19.5259 40 (Cyl # AL 519 i /LFS Psig) i34
20. zaJZ’Q; (Cyl # AAL 413%: EID psig)|204S
21. ). ﬁcoz(Cyl #A40L S19 ; (615 psig) [10.49
22, SO, (Cyl # i psig)

- 23.
24,
25,
26.
27. )

s 115 + KVB71 66500-%052'
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MOBILE LABORATORY DATA

Company Rusiorn Buwe /AﬁLD Al ASkA Location kupPARRUK P(u.c“\ag Bay
- : 7

Data Taken By F/ISHER

Unit No. f 200t A Capacity

Unit Type CAS TuRBIWE

Burner Type

M-T0 COMPLIAN RVg # |

1. Test No. (=5 |- 6 {~% /-&
2. Date Slufez | sl s [ra)es 59
3. Time 035 | n4z | W4d | ns(
4. Load, MW 84 7o ¢4 % ¢t e 4 7%
5. Fuel Type GAS [CTX; GAs GAS
6. Probe Position and Port ID 515 b|S F | S 815
7. Oxygen (%) 1+3 [%.3 [%.3 /7.
8. NOx/15% O2 (ppm) 24 |62.6137.7]4/.5|57.3]00.8]|38.0 [6!.T
9. NO/15% O, (ppm) 3356l ] 13,3 |59.2|%.1 | 588 |3,.8 0.0
10. Carbon Dioxide (%)-Stack 2.38 2-38 1-38 | 2.38
11. Carbon Monoxide (ppm) uncor/cor 32 61938 |¢.9] zo32.6] 29 [41.3
12. Hydreearbens_(ppm)-uncorfeex- (D _l%- TJQ '% i_ 4 C:::o' ::Fr
13. Sulfur Dioxide (ppm) uncor/cor il T - -
14. Atmos. Temp. (°F) wet/dry ' 13 1> 13 (3
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 29.8¢ 24.8( 29. &6
17. Calibration: (ppm) as found/cor R0 |fost Teot
18.3%.3,,N0 (Cyl #Asc €454 i ]]I6  Psig) 5 I3s.t |67.3
19.359,,.C0 (Cyl #AA; 19 i /L75 Psig) 20 |32€.0325.9
20.2045 O2. (Cyl #An 4339 : %00 psig) g |20.35| 289s
21.10.41 €O, (Cyl # AAL S\4 ;i /L 15 psig) & 1049 |04y
22. SO, (Cyl # ; psig)

© 23,
24,
25,
26.
27,

92
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Record instrument calibrations and drift over the duration of the gas

traverse. Reset calibrations in preparation for the next run.

Date/Time 5-\%—&3'/ 1200

NO Calibration After Test

Anlayzer Type TE ¢D S/N
High Range Gas Conc. &§7.3 % Full Scale &7 3
Zero Gas & . : % Full Scale ____ &

02 Calibration After Test

Analyzer Type Te,le,a'\IrnL S/N
Atmospheric Conc: 20.9%, % Full Scale &£3.&
Zero Gas 124 % Full Scale z

Zero and Span Drift Data

Turbine Type Ruyston - S/N
Date: S5 -)3-83
Test No. -1 thea -8

# l Ruv\ M"LO

-

INITIAL FINAL DIFFERENCE %
CALIBRATION CALIBRATION INIT.-FINAL OF SPAN
ppm or % ppm or 7 pPpm or 7%
NO Zero Gas @ 7 z 2
NO Span Gas 1.3 £5.7 [ b6 . /-G
02 Zero Gas — i — -
02 Span Gas 20.95 20.3S 0.2 * O-&
Z of Span = Absolute Value of Difference x 100

Instrument Span

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm

then 2 ppm shall be subtracted from the difference between the initial
and final readings

KVB71 66500-2052
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Company Ruston Bue /ApD AcAsSkA

Unit No _P 2202 A Capacity

EOB)

@

MOBILE LABORATORY DATA

Location kufPARuk .= PRuUDH2E BAY

Data Taken By F/SHER

Unit Type GGAS TuRBI\UJE

Burner Type

M-20 comPLIANC Run) #2

1. Test No. 2 =) 2-2 2-3 2 -4
2. Date sl Shajs| s/im)es| s/ifes
3. Time START 1341 1354 140 1408 1415
4. Load, MW 4% | 24°% &4 % 4 s
5. Fuel Type GAS GAS GAs GAS
6. Probe Position and Port ID 4 S 2 S S| 5 4| s
7. Oxygen (%) 13, 88 [8.0 /7.5 (7.9
8. NOx/15% O2 (ppm) 40-4 | 7¢.3141.384.1140.9|81.1 |40.2| 71+
9. NO/15% O, (ppm) 34| 4]40..16.9 |40 | #9.3]3%.0 |23
10. Carbon Dioxide (%)-Stack 215 t.28 2. 26| ‘@28
11. Carbon Monoxide (ppm) uncor/cor 33 |l4o| 3% [H.|l20 |39%] 18 |35%
12. Hydrocarbons (ppm) uncor/cor = oy i b
13. Sulfur Dioxide (ppm) uncor/cor — —_ - -
14. Atmos. Temp. (°F) wet/dry 1+ |7 |+ /F
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 29.% 2.3 29.% 27.2
17. Calibration: (ppm) as found/cor Fee  Tesd '
18 8130y NO (Cyl # AL S354 i (IS psig) IEJ-}
19.325.‘\;.90' (Cyl # AAL 519 i 635 psig) 32
20.21.85%02 ~(Cyl # Aa; 43137 i 200 Psig) 2045}
21./044%C0- (Cyl # AAc 519 ¢ J(IS Ppsig) 10-4“:94
22. SO, (Cyl # ; psig)
23,
24,
25,
26.
27, B o s

7-4%

3.07 KVB71 66500-2052
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MOBILE LABORATORY DATA

Company RWgToN Buc '/ ARcd ALASKA Location KupARuk

Unit No._P 720t A cCapacity

Unit Type&AS TuRB8WE.

Data Taken By FISHER

Burner Type

_PRUDHOE  BAY

M-20 (pmPLIANCE  RVA %2
1. Test No. 2-5 -6 -7 2-&
2. Date slajez | Slalez| shafe3| sfrafs3
3. Time 1422 1437 1439 1446
4. Load, MW £4 % E4 % | 47| $4%
5. Fuel Type GAS GAS &AL GAS
6. Probe Position and Port ID g = Ll S F| S & S
7. Oxygen (%) (1.-95 .95 | “134s /7.9S
8. NOx/15% 02 (ppm) 370734130 |H.4|354|%0.2|3e3]|7% &
9. NO/15% O, (ppm) 35.8| H.0(35 [b%.-4|342[c72]s57.¢ |50
10. Carbon Dioxide (%)-Stack 2.15 T.25 2.2§ 2.25
11. Carbon Monoxide (ppm) uncor/cor 2z | 436|222 [43.0] 24 |43 4] 285 4.6
12. Hydrocarbons (ppm) uncor/cor = il o ==
13. Sulfur Dioxide (ppm) .uncor/cor =" W - e
14. Atmos. Temp. (°F) wet/dry i (F 13 13 /3
15. Relative Humidity (%) |
16. Atmos. Pressure (in. Hg) 2935 21.3% 2%.¢ 29.8
17. Calibration: (ppm) as found/cor 2eco | Pos? Tesd
18.893,,.N0 (Cyl # pAL 5954 & Jloo Psig) g 817|223
19 %59.C0 (Cyl # ARy 519 i |bSo psig) o 13259 | 3555
20.2045%02 (Cyl # AaL 4337 i F75 Ppsig) 2|.S |209
21.1044%CO, (Cyl # AAL S19 i /|, §o Psig) D |41 1045
22, SO, (Cyl # ; psig) ‘
23.
24. Rceak in ftun (@ 1424 Due 4o
25. a breaK in e Samploc Train e
26. ﬂ\g Ho Koockost imprnders . (uicKly

Fu;zj lncl fesd 40‘\‘0"0961

95
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Record instrument calibrations and drift over the duration of the gas

traverse. Reset calibrations in preparation for the next run.

Date/Time 5-[{9-83 /]450

NO Calibration After Test

Anlayzer Type TELD S/N
High Range Gas Conc. 213 % Full Scale &#3
Zero Gas . : % Full Scale &

02 Calibration After Test

Analyzer Type Te [e,a vy Nne S/N
Atmospheric Conc: 20.9%, % Full Scale 83. &
Zero Gas Z %Z Full Scale Y23

Zero and Span Drift Data
Turbine Type RUSTOA) - S/N
Date: 5-19-83
Test No. 2-| theu 2-8
#2 Run M-20

‘ INITIAL FINAL | DIFFERENCE %
CALIBRATION CALIBRATION| INIT.~FINAL OF SPAN
| _ppm or % pPpm or % pPpm or 7
‘ NO Zero Gas Z & 2} 1)
NO Span Gas £7.32 $7.2 0.4 . 0.4
07> Zero Gas s — i =
07 Span Gas 720.9S 215 0,55 % 2.2

Absolute Value of Difference
Instrument Span

% of Span = x 100
* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm
then 2 ppm shall be subtracted from the difference between the initial

and final readings
KVB71 66500-2052
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MOBILE LABORATORY DATA

Company Rusion eoc/akco ALASkA Location kuPARWU K PRubHoe BAY
Unit No. 2202 A Capacity Data Taken By FISIER
Unit Type(GAS TuRBIVE Burner Type

M-Z0 COMPLWWCE Rvw # 3
1. Test No. 3= 3-0 3-= 3-4
2. Date Shajsz | s)iafes | s/a/jer| s)ivjes
3. Time STakT @ Isi8| iS22 1529 | 53¢ | /543
4. Load, MW 84 */ 34 % | 4 % | &4 7%
5. Fuel Type GAS G4As GAs | Gas
6. Probe Position and Port ID 1 | S |2 S| 31| S 4 | &
7. Oxygen (%) (1.0 [Fo [(.8& /1.0
8. NOx/15% O2 (ppm) 49-S 16/,0[{40-2140.b]40.| |Re2|39-2)60.0
9. NO/15% O, (ppm) 40 |60.3] 40 |60.3] 3.0 {53.9]31.3]57.2
10. Carbon Dioxide (%)-Stack .38 2.3¢ 2.38 Z-38 N
11. Carbon Monoxide (ppm) uncor/cor 98 |4¥6] 10 |1s3.6| 95 [1389] (2 |34
12. Hydrocarbons—(ppm}—uneerieesx (O '(p!to ‘-!w’o (i‘s 3'}8
13, Sulfur Dioxide (ppm) uncor/cor . - s
14. Atmos. Temp. (°F) wet/dry s (7 1} (*
15. Relative Humidity (%)
16. Atmos. Pressure (in. Hg) 29.8 29.& 2. § 4 &
17. Calibration: (ppm) as found/cor Pie Test
18.6335.NO (Cyl # AAL 5S4 ; //®0 psig) £7.3
19-3255'.:993 (Cyl # AAL 519 i /650 psig) 575.9
2o.zo.'a:,:<l,°2 (Cyl # AAL 3% "JSo psig) 20.95
21.1n.41% CO, (Cyl # AA) SI4 i /bSO Psig) 1044
22, SO0, (Cyl # ; psig)
23,
24.
25,
26.
21:

97

Coke,. FoR

" 2ero DRIFT

KVB71 66500-2052
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MOBILE LABORATORY DATA

Company RuSTon Buw( ,/ ARco ALASKA Location /CUPARUK ‘PRUDHoE BAY

Unit No._t zz02 A Capacity

Unit Type GASf TJuRBWE

Burner Type

Data Taken By F/SHER

M—20 COMPLIBACE RV #3

1. Test No. 2-S 3-6 3- 7 F-P

2. Date 5)15/63 shaje3| sjre/e s/isle>

3. Time 1550 | Jssz | /o4 | /41

4. Load, MW €4 Y, 24 o 54 % 4%

5. Fuel Type A S GA S Q-AS GAS

6. Probe Position and Port ID S51% leil? {6 |.&18

7. Oxygen (%) (1.0¢ 1.0% /7.08 |7 08

8. NOx/15% O2 (ppm) 30.1] S6.6|36.3 561|364 |5C.0[36-2]557

9. NO/15% O, (ppm) 32.2| 57.7]35.€ |55.0|35 4 |54.4]35.3 [51.3

10. Carbon Dioxide (%)-Stack 2.38 2-38 2.38 2-3%

11. Carbon Monoxide (ppm) uncor/cor ST I8TL) 50, 1585.3] 52 779152 79.1
1 oPR. FoR

12. Hydrocarbons (ppm) uncor/cor -2% X % % ‘"25“ LRIFT

13. Sulfur Dioxide (ppm) uncor/cor g . - =

14. Atmos. Temp. (°F) wet/dry ' K B I 3

15. Relative Humidity (%) '

16. Atmos. Pressure (in. Hg) 9.8 79. & 19.§ 29.&

17. Calibration: (ppm) as found/cor ; ZERO |(Post Test

18.633,,NO0 (Cyl #A4( 5954 : |lop Psig) & .7

19.325.«2&0 (cyl #4aL 512 i 650 Ppsig) 32 370

20.72095%02 - (Cyl # AAL 4333 ; 150 psig) s .35

21.10.419,C0, (Cyl #AAC S\q ¢ IbGD psig) & /0.4

22, SO5 (Cyl # i psig)

23.

24.

25

26.

27.

o8

KVB71 66500-2052



Record instrument calibrations and drift over the duration of the gas

traverse. Reset calibrations in preparation for the next run.

Date/Time 5—[‘1-83./ 16)5

NO Calibration After Test

Anlayzer Type TECD S/N
High Range Gas Conc. &£%7.3 % Full Scale 8%3
Zero Gas 7 : Z Full Scale 2

02 Calibration After Test

Analyzetr Type Tele Jyn ¢ S/N
Atmospheric Conc: 20.9%, % Full Scale £3. &
Zero Gas z % Full Scale [2

Zero apd Span Drift Data
Turbine Type Ruston -~ S/N
Date: 5-19-63
Test No. -l ey 3-&
#32 RuN M-20

-~

INITIAL FINAL DIFFERENCE y 4
CALIBRATION CALIBRATION INIT.-FINAL OF SPAN
_ppm or % Ppm or % pPpm or 7%
NO Zero Gas 7 g g 24
NO Span Gas £%3 £7.7 04 .| 0.4
07 Zero Gas e s T 59
02 Span Gas £0.95 20.95 74 * z

Absolute Value of Difference
Instrument Span

% of Span = x 100

* Corrected for zero drift, i.e., if zero drift over test perido is +2 ppm
then 2 ppm shall be subtracted from the difference between the initial

and final readings
KVB71 66500-2052
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EAN 590 Portable Pocka7c Resic/cw,e Tinne

c x4ec na\ Plumgr'm? .

' 0.0 Sample Line = 50" x ( 22%°r = o &°

knock out flask = .S 9q\ X (‘%—%;‘ = 06T B3
T wternal P]uva’mg p

Csmaleaser = ,25 3&\ x(;:.—i%q;)= _ 033 43

4" o Tulecnal 'ru\b;wj = 15 5 x("gziﬁ r o= 003 £4°

Pamphead & Bller boosing & T gl x (Fogu) = 027 f°

To*a\ e,S'Hmo:\LJ s\/s‘{'em V.a}ume = ol4' (—43

N | efiﬁx‘cc rcaAinej =0,36 "H,0 = .3+ SCFmM
(OR-1)

1

3)5. Residence 1iwe JE R L3R = 38 s

M

.380\{'\ X (o_O__s_e_i = 123 S%Omc\g‘]

Mack F.s5le,

¢//0/e3

KVB71 66500-2052
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S B e ] R A NS N T

; HOMER R. DULIN GO.

729 EAST WILLOW STREET

LONG BEACH, CALIFORNIA 90806
424-8533 636-4096

CALIBRATION CERTIFICATION

SUBMITTED BY: KVB
FLOWMETER SERIAL NO S TUBE NO ——
MANUFACTURER KVB MFG. SERIAL NO. OR=1
REMARKS : P Inches H20 vs SCFM Air @ 29,82 Inches Hg & 74°F
ACCURACY See Data
—_— —
INDICATED ) ACTUAL

P INCHES H20 J4F SCEM

7.00 7.040 1.607

6.00 2. 449 1.492

5.00 2.230 1.358

4,00 2.0 1.214

3.00 1. 322 1,083

2.00 1. 414 0,861

1'00 I' 0 o.§23

0.50 0.30F 0.443

0.10 0.310 0,207

0.05 0,14 0,153

Flowmeter Certified with HOMER R. DULIN CO.

2400 X
Equipment No. - Accuracy 0.2% Calib.Due

NBS No. Cert. No. 213.09/217246

Our standards are certified by or are traceable to the Nationol Bureau of Standards
and comply with MIL-C-45662A.

24282
Y- Wi S IY VoS T G —— @I/‘

f=]16-81 6=16-82 R Dulin
105
CALIBRATION DATE RECALIBRATION DATE CALIBRATION TECHNICIAN

CPT T TN SN AP |}

6/81

i
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APPENDIX H

CONTROL ROOM DATA SHEETS

KVB71 66500-2052




TABLE E-1.

UNIT OPERATING DATA SUMMARY

Turbine Data

Baro- Temp. Turb/ Gas Fuel Avail. hp Pump Data
metric Rel. Temp. Temp of Pump Gener. Press. of Turb. Suction Disch. Water Pump
Test Date Unit Press. Humid. Load In Out Oper. Speed Speed Diff. at Turb. Press. Press. Flow Calc.
No. 1983 P2202 " Hg % % °F °F °F RPM RPM /4P " Hg Speed hp psig psig MBbls/hr hp
1 5/18 B 30.05 69 80.1 21.6 814 800 5775 9900 5.4 4350 81.0 2200 3.25 3482
= 2 5/18 B 30.05 69 80 25.5 820 800 5750 9900 5.4 4340 88.8 2200 3.25 3470
®
3 5/19 A 29.86 68 82.6 42.4 856 856 5950 9900 5.43 4420 78.3 2163 3.46 3649
4 5/19 A 29.75 68 85 41.5 818 819 6000 9900 5.46 4440 78.5 2175 3.56 3776

KVB71 66500-2052
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GAS TURBINE OPERATING DATA

Company Eu;'rm Gas Toebines Location [} - vparvK
Unit No. ) g’ 2202 B Capacity N YUleo RP Data Taken By Fppodm

Unit Type JR_Svoo Burner Type Can

1. Test No. 12 1-2 _1-Y -5
2. Date 5hs >
3. Time 10:13 n:3 12013 | 113
4. Load, W ( HP  ealeolad) 3480 3452 3483 | 3482
5. Fuel Type G As _éay ens A
6. Ambient Temp. (’F)mdrY 69/ 22 4— 2
7. Ambient Press (in.Hg) 30.95 Jo.0Y4 30.04

g. Relative Humidity W92 69 69 | €5
9. Fuel Flow.(cfm or lb/hr) r_b_? (;N "Ii 5.4 54— | &4 sy
10. Compressor Inlet T (°F)

11. @ﬁéﬁe& Disch ?ﬂq) 2200 2200 2200 2200
12. Turbine Inlet T (°F) ~n2 22 2.2 212
13. Turbine Outlet T (°F) __8\0 g10 g5 g20
14. Turbine RPM 5800 €900 S 5350
15. Generator RPM 9%0 v~ >
16. Water Injection (gpm or 1b/hr) N/A NA NA NA
17. JP Available 43¢0 4360 Y340 4240
18. % of loan 79.8 29.9 2.3 §0.2-
19. ?W—\'p CH, (2D (ﬁm&) . B0R __.60% o8 Ve
20.

21.

22. .

23.

24.

25-

26.

27. L

111
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GAS TURBINE OPERATING DATA

Company ?osrm Gng Torbines Location_fleco ﬂlo;lm- ' K-pmwl'_

Unit No.__ f2202R Capacity, Data Taken By _ [weDAsd

Unit Type T8 So00 Burner Type Can

1. Test No. Z-] 2-8
2. Date 518 ~
3. Time 14:13
Load, (P cak.)d ue?
Fuel Type _GAS
— CEA %,
Ambient Temp. (°F) wet/dry 59_7, ] 22
Ambient Press (in.Hg) 0.0%

Relative Humidity )

Fuel Flow.(cfm or lb/hr) Jae (in #:od| 54

. Compressor Inlet T (°F)

et Disch { avig) 2200

. Turbine Inlet T (°F) _24.8
Turbine Outlet T (°F) 820

Turbine RPM S350

. Generator RPM 99yc0
Wwater Injection (gpm or 1lb/hr) NA

P Availalle 4340

9% of [ead 7.9
) %08

KVB71 66500-2052




GAS TURBINE OPERATING DATA

Company “Potn &as Torbines Location fArce Aloska — KU{JA&QL

Unit No._P2702 A Capacity ~ 4490 HP Data Taken By CR*@_DM)
Unit Type TR S Burner Type Lan)
1. Test No. . 1-1 - -z -8
2. Date _5-19-83 | 5-17-83 e e
3. Time 910 .o 12390
4. Load, ¥ /)P Cplc) - 3e12 koS S
5. Fuel Type _Ea GAS 6AS
6. Ambient Temp. (°F) wet/dry h3 /13 /13
7. Ambient Press (in.Hg) 29.5% [$ 2211 C9.26
g. Relative Humidity . (51 6%
g. Fuel Flow (cfm or 1b/hr) \Lz-i,,,"mo Sy N SYS
10. Compressor Inlet T (°F) /
11 Co:p'a':ozsox: Disch (farhg) 215 Sy 211
12. Turbine Inlet T (°F) s 20 20
13. Turbine Outlet T (°F) 85 &bo S0 |
14. Turbine RPM SISD 550 ke 212
15. Generator RPM 956D 95 oo 9 950
16. Water Injection (gpm or 1lb/hr) Y. NA NA
17. H  Avarloble Y420 Y420 Yyeo
18. 2 f . leag 8.7 g b 2.0
19. "P“_% oft (2) ieg. s
20.
21,
22: ,
23.
24.
25.
26.
27, o

113

KVB71 66500-2052




GAS TURBINE OPERATING DATA

Company ?asm Gr Torbine) Location Ag;g ﬁ[g;!ﬁ- £;¢Pﬁguk—

Unit No._ P 2202 A Capacity = Yydo #HP Data Taken By erubA-d
Unit Type _TQ Koo o) Burner Type Can)
1. Test No. " 2-] - 2-8 3-3 3-8 |
2. Date /ol [ il 4
3. Time 13:52 195D 1330 [[SP1-)
a. Load, #¢ (P Cale)d Teaee | 333 | 3916 Ty
5. Fuel Type 6 Ay érs Grs __bAs
6. Ambient Temp. (°F) we&/dry /12 113 N7 ik
7. Ambient Press (in.Hg) 20 29.% 2.2 25.8
g. Relative Humidity - 6% ~GZ - o® - G® {
9. Fuel Flow.(cfm or lb/hr) er_P_ on Hz0 54 Yy~ oS T ol
10. Compressor Inlet T (°F)
11. cogp"?xem Dischmg) 215 217237 AN ¢ i il
12. Turbine Inlet T (°F) 22 22 z3 23
13. Turbine Outlet T (°F) € 6o g60 £5D g5

Turbine RPM

(8- 'e)

[ & &)

2500

15. Generator RPM 90 6D 9 §ocv Q960

16. Water Injection (gpm or lb/hr) A A A NA Nk

17. H>  Ayadoble Yyye yy¢o | yuyo | Y¥4o

18. R of lenae i) R4 | ¥33 £6.8 |
=

=808

KVB71 66500-2052



9ZN3

STT

2S0Z-00999 TLEAX

Multiply By To obtain Multiply By To obtain
inches 2540 mm bar 100 k Pa
ft/min 7.482 US GPM psi 2311 ft H20
US gal 3.786 liters psi 6.895 k Pa
UK gal 1.201 US gal f*/min 1.6992 m¥hr
Ib 0.4536 kg hp 0.7457 kw
Ib/min H20 0.1199 US GPM Btwsec 1.0547 kw
TIme Npr Ng ¢ 7 72 v Tor Y AP@QL’L
"0 )
/0673 58oe 9900  -55T $10%F soo 54 (o
22°F o D
/7113  sso00 9900  -SisT. $IF  ero 54, n
. 5 -6.0%C FIS°F goo - 54
12:73 5750 990 o 5 (7.4 T
/)3 5750 9700 -6t 220F oo 5.% s N\
z2nt (1’,\.‘“1 i ) "
N
\°
, N
Z:)7 - szs0 9900 - 9.0’5 g20°F 300 °F 54,5 ®
14-8°F '
5147 5750 Q900 —-3.5°%C. 9209 eo0 5 (74 t
oI '
AL 5750 7900 —~ &5 ¢ o F gTO 5.4 (7.4) §
15778 ’
47 £350 7 o0 -3s°C  ®e0F o > Tz
vy b OF *
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Multiply By

g To obtain Multiply By To obtain
> inches 2540 mm bar 100 k Pa
H/min 7.482 US GPM psi 2311 ft H20
US gal 3.786 liters g;e,/u ) ?gggz :', l;: g _’,é'f.’?'.
gx e~ (;:4221156 ll(,: - o 07457 kw 29w
Ib/min H0  0.1199 US GPM Btu/sec 1.0547 kw S
1g: (3
Time  [Fiow  Bue Ry < Mae Nea, %tene |32 R (B
maErr s)G ’sl6 ' g & -
/0113 3.25° ¥Z Zzo0 ~.30% 3480 A3Lo 798 |2 Iy
(L2L76)arw GIEEF) i ’ 3
]/ i/3 2,25 &7 ?_Z,ffﬂ ~.5oy 398 % 4340 79 9 Y 3
RN
/2 )3 225 >0 2200 ot 2 2349%3 4340 $D. 3 NI
(1275) (4729 ¥4 | ; ! ‘\4
)73 3.2¢ &/ 2200 v, 80F 34932 4390 go.z2 |l | g g5
il P =
o i m W
o ' i 2
N !\\ 0 (—)
S i ==
20 In = &
2.1 3.25 90 223% SOy z24L7 9349p 24,9 | ; H ma
o 5 m w
>l 3.7 .25 90 2200 =508  39L7 9390 9.9 ., Bz
| ! < =
1:7/7 2,25 . ge 2200 ~ . $OF 3920 4390 €0.0 ﬁe ;\? Om
],‘l—7> 496" l I 1N U =
5y7 325 g9 2200  ~, 508 3477 9390  §D.) 2R > i
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9ZN3

LTT

ZS0Z-00G99 TLEAX

Multiply By To obtain Multiply By To obtain
inches 25.40 mm bar 100 k Pa
f*/min 7.482 UsS GPM psi 2311 ft H20
US gal 3.786 liters psi 6.895 k Pa
UK gal 1.201 US gal ft>/min 1.6992 m¥/hr
b 0.4536 kg hp 0.7457 kw
Ib/min H20 0.1199 US GPM Btw/sec 1.0547 kw
28 ¢
Trme Ner Neg Tin Tove Tor AL, g g i
o m
9:10 595 2900 #5.0C gs2 /S 5.4 N NS
™ X
/D10 S750 2900 S o0C Ess /5 595 J iZ . X
o |53
)) 1O 59p0 SGp0 650 s 20 5.4 § :cn 1.
N
: )
)2.10 sgs5v 7900 s, §CO gzo §45 w g 2
o |3 .
® |2 N
o !
] 50 YA ds) 9?00 L85 C Tto oo 5,95 "\9 @ ! D
2.50 ¢ ooo ? 700 5.5 sto g20 £.95 g 19‘ fH
) |
2.50 6 ooo %00 S.o 24 5/5 $ 75 8 m N
2 B ¥
9.50 &caopo 7 900 S.O @5 26 <, SD - »
S

\tung / 31va
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777WZ_ '~9 53028 ONgor
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JUl‘sulayni syg uoisny
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9ZN3

81T

2S0C-00599 TLHEAM

Multiply

By To obtain Multiply By To obtain
inches 25.40 mm bar 100 k Pa
ft%/min 7.482 US GPM psi 2311 ft H20
US gal 3.786 liters psi 6.895 k Pa
UK gal 1.201 US gal f/min 1.6992 m/hr
Ib 0.4536 kg hp 0.7457 kw
Ib/min H20 0.1199 US GPM Btw/sec 1.0547 kw

Time Frow e  Pois %M Noe. Wewe Zloss
g/0 2,95 79 2)56 ,SO% SLyz 4420 &7
24 47190
/@D 3.52_ 25 2)50 ,SDOF 3668 44920 $ 3.0
29>
)] .70 3.90 7% 2)75 , Y0¥ 3605 H92D L
13%€ Ac1b
1210 3,5 %5 2),75 , 5O% 37)) 9920 9,0
24 so Q&%
J: 50 3.6 7k Z175 FDT 2275 99 90 ®s, 0
2977 75/
2:$0 3.54 27 2125 , 508 3758 44940 £9.6
1417% 4948
3.50 3,50 75 2/)25 R4 3246 44990 8.7
2950 49953
4,50 2ET A 2/ 75 , yo¥ 23¥Ss 9940 56.8
2655 Jri¥
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* rocarion —KupARuK En $46 TEST !UYBER 1 i’ L
LNIT EUEL GAN DATE : 8 1
OPERATORS fishet. /Prona.y AMBIENT TEMPERATURE, *F | (o (INYT To Tak PAra "
' . METER VOL. (START/END) ©951.53/7 Towz.\\ _
System Checks System Data Imp. Vol. (End)  Vol. (Start) AvVol.(ml) Filterd ff ©
16> (8™ " 38— J0O =

e Seie Initial Final [Meter Box #pAt AH@= Sk 2 At i i abuse v

- e Date last Cal. 2[::(;2 re L 400 o FWE

’itot Probe # 3 3 SO - = 3 Filter ng

t‘hermometer Liner Material $$S - Total Front

eak Rate,CFM <. o Y Nozzle # ) - ‘ Acetone g

AC, "Hg 25 \8 Diameter (in) .I15% “111 g (End) g(Start) A grams | EPA-5

nitials oA /M DAY /ME Thermometer # .. . - (gel)“' 2.3 - — 3 — 24.? Total _____»9

est for R STon Toe bines Date last Cal. ) Total Vol. Ho /01 .F m
1 11 21 31 a1 51 6L 71
Sampling Time |Particulate|Condensate | Fuel Flow Load C Stack Press. | Barometric TEST RESULTS
Per Point, Min.| Wt.,'mg Vol., ml gal/hr: MW pitot In.Hg~-Gauge Pressure | Test Averages:

9 : : : APg = Zé_ Totack ™ _&:r
180 i e - 2o % .23 - 85 30,08 |AQH = <56 Tmeter = __'F
1 11 21 TR a1 51 61 ‘Samplé Vol.= [ re’

D e e e |0-58 ( t )
Sample | METER CONDITIONS LT L P a:x Teee. BOWOT.
Point APs | AH _|Meter Reading| Stack |Probe Oven Iﬁ ouc—11He G0t 2 Percent O, = JH6S

w | 13| 0 2.1 95 95193 | — s & > |80 |19 2.6 8 | Migrack gas = ___(~28)

e 15 | Tas | .58 ©959.82 170 — — | 2 | & |H |8 (2.2 3 | velocity = fehec

3 Joo d 20| .5 | G903 1 0 — — | 32 | 6o |0]%| A+ | 8

8 4s | 2a5 | S | 693895 I | — — 33 ©3 |9 (98] 1#? | 79 |Total Sample

, . it Time = 180 min.

3 \ w | 22| 5 ©987,23 13 33 o lwolad| 1.8 |39 .

I T T (6996 73 M e — &3 G lwv (s vp |79

: { o | z2 S | 100523 | ny | — — | g5 | & lwzf9z| 13, |13 |Comments:

2 i ws | 22 |- oS Tory. 39 71l — sk 3 S o |92 Be | *7

3 2% &3 e 7623,79 1o — el &4 'SE_ |loz |98 13.7 23,3

PQ ‘35 ) ——— X

3 3D = oo ;

53 ¥ 155 | 22 K" 1050, 70 2 I e ~— | Q4 leb |10 [98 130 1.+

o 180 | 22 b J059. T0 737 — — | N | ko Jtedl1 91| 13.6 |93

8 ‘ ' S 1Y

i | KVB71 66500-2052
' Note: /m 2
< | \ "L | Ap- QZ AP
{ Avezaoe P |°] ' PE M ho.sg v 4. 15, l“’ : H(.S 4716 \—'__—‘_

o



RUSTON/Z”BWC
PARTICULATE EMISSIONS CALCULATIONS

TEST » 1
LOCATION STACK
SA'FLING TRAIN AND METHOD EN S44/ET 1IN,
FUEL GAS
REFERENCE TEMP. (R) 330
NOZZLE DIA. (IN.) 1875
STACK TE¥. (R) 1234.3
STACK GAS SPEC. GRAVITY 1,003
METER TENP. (R) 555.14
METER CORR. FACTOR 1,064
VELOCITY HEAD (IN. H20) 2,19
TOTAL LIQUID COLLECTED (ML) 101.7

DATA BY

BARAMETRIC PRESSURE (IN. HG)
PITOT FACTOR

STACK AREA (FT2)

STACK PRESS. (IN. H20)
EXCESS 02 (%)

ORIFICE DIFF, PRESS. (IN.H20)
SAMPLE TIME (MIN.)

SAMPLE VOLUME (CF)

TOTAL PARTICULATES (IG)

SAMPLE GAS VOLUME
WATER VAPOR
MOISTURE CONTENT

ABSOLUTE STACK PRESSURE

STACK GAS FLOW RATE,
STACK GAS FLOW RATE,
STACK GAS FLOW RATE,
STACK GAS VELOCITY

ISOKINETICS

CONCENTRATION
CONCENTRATION
CONCENTRATION

EMISSIONS
EMISSIONS

MATERIAL FLOW_RATE

ACTUAL
WET
DRY

(%)

{IN. H20)

(ACFM)
(WSCF)
(DSCF)
(FT./MIN.)

(%)

(GRAINS/DSCF)
(GRAMS/DSCM)
(LE/DSCF)

(NG./JOULE)
(LE./MMBTU)

12,57
‘085
17.65

112.813
4,813
4,092
408,238

94099.012
40528.378
38869.922

7485,999
TSN LA TN

{0s.681) (0>

121
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- TEST NO. | ) PAGE
SAMPLING STATION RusTon [/BWeE DATE S5 -/8-83

| ) WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR IN GASES

A. GAS PRESSURE AT METER, IN. He (azsoLUTE)

B. VAPOR PRISSURE OF WATER AT IMPINGER TEMP,, IN. HC

—C—VOLUME OF METERED CAS, CU.FT.

D. VOLUME OF WATER VAPOR METERED, BxC/A, cu.rrT.

E. VOLUME OF WATER YAPOR CONDENSED, CU.FT.

ce—~

F. TOTAL VOLUME OF WATER VAPOR IN GAS saurLE, D+E, cu.rT. .

G. TOTAL YOLUME OF GAS SANPLE, C+E, CU.FT.

H. PERCINT WATER VAPOR IN SAMPLED GAS, 1002F/G

GAS DENSITY CORRECTION FACTOR

WEIGHT PER WMNOLE

COMPONENT VoLuNnE PERCENT/I00 =z Mo:s*run:- CORRECTION x MoL. WT. = WET Basis
watern 4, 0472 .0 4092 1.0 |- 18O 0.3%
Carson DIOXIDE /0275 DRY BASIS 0. 954] 42.0 0.95
CARBON MONOXIDE g DRY BASIS 0 - 759/ 28.0 2’

OxYGEN s]33S ory easis 0.9¢4] 32.0 £, 45
NITROGEN & INERTS .5 DRY BASIS 0.9 $9] 28.2 2!, 64
v ) AVERAGE MOLECULAR WEIGHTY 29’7’8

& AV. MOL- w‘o .

J. DINSITY OF €AS REFIRRED TO AIR = T _g—gg™ = - qq4
. ' 1.00 _ l.003

K. GAS DINSITY COKKECTION FACIOR = =

) : : KVB71 66500-2052
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o A.uo /Moﬂm _gusye | TEST UMBER Z —
OIT Gy DATE . S/iglgy of —1:
OPERATORS ___.ﬁ.;t&&/_&um\ AMBIENT TEMPERATURE, °F  (Faef, T 9
METER VOL. (START/END) Toel SV 113325 | :
System Checks System Data Imp. Vol. (End) Vol, (Start) Avol.(ml) Filterd #
T=T.0634 o ok
stle Srte: Initisl Pinal [Meter Box fiusisne | ' M 00 =G4 | colate wes
3lie Date last Cal._3jz/i3|*? -1 gt . PR RS |
1i.lt:ot: i’robe ﬁ 13 3 =i g o= 2 . | Filter ng
ermometer iner Material 5SS : Front
ak Rate,CFM = o] — —<ai |Nozzle # . B o L S
AC, "Hg 2\ " 22 | Diameter (in) .15%G # g{End) g(stare) Agrans | EPA-5
nitials orpfag . _OAp/n¢ | Thermometer # .~ . - (f;ﬁ:'“' $Bs  —5683 = o252 Total ___ ™9
est for Ry sTen ok Date last Cal._ | Total Vol. H0 03,7 m1
3 11 71 | R a1 51 &L 71
Sampling Time |Particulate|Condensate | Fuel Flow Load e Stack Press. | Barometric TEST RESULTS
Per Point, Min.| Wt.,'mg | vol., m gal/hr- MW 4pltot In.Hg-Gauge | Pressure | Test Averages:
- - . : APg = Z_é_ Tstack ™ 64| or
: (8o 103-2 0% | .63 | '-35 | joow | AW =LL Tmerer - Fedrr --
g1 11 2 T a1 , e 61 ‘sanplé vol.= [T1p 74 | FE°
Sample |, METER CONDITIONS Ll L A (meter)
Point APs | AH [Meter Reading| Stack |Probe Oven Iﬁ Out Iﬁ"ﬁﬁt 2 Percent 0, = 33
N3 | g2 Ty Paiae o N062.5) 18\ it e s 23 SR 2 123 0.5 | M¥stack gas " (~28)
i»\'57. | S 2.40 sl 1. 302].23 339 s - 23 s€ B 25 [2.8 to.} Velocity - frAec
o - 2 30 | 24 oL 280.31 " | 782 - 23 b2~ |95 (29] 128 |lob
e |\ e boea | w2 1 089948 198 83 | 58 [wol93] 1282 lio7|7otal Sample
13 w | 24 | .2 T098.13 18 3y | Go | fas] 1?3 [03] T " 120 _min.
532 15 | 4 | | 0808 | qre ' 85 ¥ fte2 93] 18 |3
3 20 | 24 | b2 | 1mr3e | 285 23 | 6l |w2[9eF| 123 | 1ot |Comments:
002 10S 24 L2 ek, g - O s ) bl 33 59 ftei 1981 133 | 0%
wr || 1wl 241 w2 h3b.o 124 28 | ‘el w2l | V32 | w3
32 s |2 e | gy 218 - ¢8 62| z]ag 2.3 | m3
63 5 T B A I L% NN, 59 13 : 38 ©3 Jiop |00 | 13 . F
Jol s | 24 S Nt ed gy | : &R {wr]| 98] \2.® [ 103
1y 180 | 29| el a8 | 1% 9o | 3 w2l 98] 137 |08
| A : KVB71 66500-2052
l 4 : . Note: /m 2
S S | p. (2 NEF;
Averace .4 b | 16.74 184 | hi[A 1.1 \T




------------------------------

LOCATION
SAMPLING TRAIN AND METHOD
FUEL

REFERENCE TEYF. (R)
NOZZLE DIA. (IN.)

STACK TE¥P. (R)

STACK GAS SPEC. GRAVITY
METER TEMP. (R)

METER CORR. FACTOR
VELOCITY HEAD ¢IN. H20)
TOTAL LIQUID COLLECTED (ML)

S T P T T T T T T I I T T T T R 4
-------------------------------------------------------------------------------------------------------------

SAMPLE GAS VOLUME
WATER VAPOR
MOISTURE CONTENT

RUSTON/ BWC
PARTICULATE EMISSIONS CALCULATIONS

STACK

EN S46NET IMP,
GAS

530

1875

1244

1,003

AESOLUTE STACK PRESSURE

STACK GAS FLOW RATE, ACTUAL
STACK GAS FLOW RATE, WET
STACK GAS FLOW RATE, DRY

STACK GAS VELOCITY

ISOKINETICS

CONCENTRATION
CONCENTRATION
CONCENTRATION

EMISSIONS
EMISSIONS

MATERIAL FLOW RATE

.............................................................................................................

KVE , INC
KVB71 66500-2052

DATE

UNIT NUMBER

DATA BY

BARAMETRIC FRESSURE (IN. HG)
PITOT FACTOR
STACK AREA (FT2)

STACK FRESS. (IN. H20)
EXCESS 02 (X)

ORIFICE DIFF. FPRESS. (IN.H20)
SAMFLE TIME (MIN.)

SAMFLE VOLUME (CF)

TOTAL PARTICULATES (MG)

(IN., H20)

(ACFM)
(WSCF)
(DSCF)
(FT./MIN,)

(%)

(GRAINS/DSCF)
(GRAMS/DSCM)
(LE/DSCF)

(NG, /JOULE)
(LE., /MMETU)

183
12,57
-85
17.75
62
180
110.74
7.1

98926.623
42247 .229
40491.745
7870.057




(; - TEST No. . . PAGE
KUQTON '/BU)C, ‘ DATE 5-14-83

SAVPLING STATION
L J

WATER VAPOR AND GAS DENSITY CALCULATIONS ’

) PERCENT WATER VAPOR IN GASES

A. GAS PRLSSURL AT METER, Ix. He (azsorLurve)

B. VAPOR PREISSURE OF WATELR AT IMPINCER TEMP,, IN. He¢

- -

—C—VOLUME OF MLTELRED CAS, CU.rT.

2 D. VOLUME OF WATER VAPOR METERED, BXC/A, cu.rr.

E. VOLUME OF WATER YAPOR CONDENSED, CU.FT. P il

F. TOTAL YOLUME OF WATER VAPOR IN GAS sawrrt, D¥E, cu.rr. .

G. TOTAL YOLUNE OF GAS sawrLE, CHE, CU.FT.

1 H. PCRCINT YATER VAPOR I SAUPLED GAS, 100+F/G

GAS DENSITY CORRECTION FACTOR : ) r
. ’ WEIGHT PER MOLE
COMPONENT VorLume PERCENT/100 x Moi1STURE CORRECTION =x MoL. WT. = WETY Basis

WATER 4—( 1ISE% | .04) <3 1.0 1 18.0 6.75
Carson DioxIDE | ,0225 DAY sasis . 9585 44.0 0.95
CaArRBON MONDXIDE [/} DRY BASIS 9588 28.0 Z
Oxvctw o772 Ry sasis L9525 32.0 5.44
NITROGEN & INERTS , §003 ory msasis .9585 28.2 20,63

" " SR AVERAGE MOLECULAR WEIGHT 28.3%
y Av, MoL. Wr.

J. DEnsiTY OF .S RLFELRRED TO AIR = ""28.95 2 Shks
: K. GAS DINSITY COKKECTION FACTON = ":o = _" 003

KVB71 66500-2052
125



Kg{y\u)\c

LOCATION TEST NUMBER 3 rage_1
CNIT FUEL ™ AS DATE k f
OPBRA‘I’OP-S Eiohem /Poopped AMBIENT TEMPERATURE, °F WS ‘8;':'1:\"‘:—.". )u,. ey of —L-
: METER VOL. (START/END) N123.6/ 7288 .26
System Checks System Data Imp. Vol. (End) Vol. (Start) AvVol.(ml) Filtern 7/
" AP T g"‘og@ " 238 — 98 = 13¢5
‘ nitial Fina Dgtgrlagi;c 0:15:}% > ¥2 4y = JO7 = (.58) |Rarticulate wrs
| Pitot Probe # 3 7 e = 2 . | Filter ng
‘Thermometer Liner Material__SS : Total 24 Front Half
iLeak Rate ,CFM_ <.o <, ol Ngzzle # . B . = . Acetone_____ mg
VAC, "Hg 22 20 Diameter (in)__ .19875 | ™ gfEndl SiBtart) Agrams | EPA-5
‘Initials oap/uf _ _ooe/mé | Thermometer N - (ziﬁ‘“' 5989 . — S68.L = 3032 Total &g
Test for Koyt Tornewy | Date last Cal. ¢ Total Vol. Hy0 114.3 ' m1 '
1 11 31 31 31 51 6L 71
Sampling Time |Particulate[Condensate | Fuel Flow Load C Stack Press. | Barometric TEST RESULTS
Per Point, Min.| Wt.,'mg Vol., ml gal/hr- M pitot In.Hg-Gauge | Pressure | Test Averages:
: : Arg = fI% Tstack = DEL'F
[S6 4.3 34 % B8] f~be 23.96| O% = Tmeter = L% 'F
51 T 3L - al : ‘ 51 61 _Samplé vol.= | 1/5.65 '{:’ :
Sample | METER CONDITIONS TE'*PEMTUR“I:iémFeIS 8.5 [ac. meter)
Point APs | AH [Meter Reading| Stack |Probe | Oven n 1 ouc—1IHS'Ght 2 Percent 0, = 17.5[
%0 | 13 o 2s | o2 2173-6i 793 | 398 303 | 9o | Lo | 85| 82| 255 |125 | Migeack gas * (~28)
0925 'S R L 8, 3 2oL Yys~ 292 55 | b 13%18% 1o '3 | velocity - frhec
oo 30 ¢y w2 191,92 79¢ | 448 29¢ 240 o tle 140 1 a3 5 i2.3
o7 g | 25 | .2 - 720V, ov 790 | 440 | 203 230 % e 3L | Y 8 12.3 | Total sample
1810 Le' | 2.8 L 72010,45 793 442 300 2sp 39 _lipy {957 ws 12.3 Time = _|85 min.
0LS Kl 23 o) 1209. % 194 935 | 305 2o | 4 [w2 |97 ] 1S 3
1040 P | 25 | .2 722928 | 295 | wv | &5 24 | 54 ey |98 | 115 | 3 |Comments:
L33 oy | 25 62 1238.51 Y99 | 430 300 414 SY |wpz |98 | 757 12.3
no 120 X3 L2 72241.36 394 | 3y 300 7260 | ' (103 |98 125 [ 12,3
125 Wl 2y ol 2125925 733: y3s~ o0 25D N w3k 0y f vy -
4 _aso o2y | bl 226k, 5 | 397 43 | 305 | 260 | 55 |\e3 [e9 1S S BT
Hss we | 2y | .62 7235.93 | 9% | T 43¢ | 3oy | zes| sy (el | 1y w3
AN gp | 27 e 128518 792 y3r 300 2l 55 |10y ]wo \1.S | 3
218~ - PR 1
: KVB71 66500-2052
l i 2
i HQD \ | A VA P’-
Kverzce 125 ' 62 1 [4.6S 11944 HE | [Fo) |
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RUSTON/ BWC
PARTICULATE EMISSIONS CALCULATIONS

33333 I3 33 It ittt ittt it ittt ittt ittt ittt ittt ittt i ittt ittt ittt it ittt it ittt ittt 4+
TEST » 3 DATE 5-19-83

LOCATION STACK  UNIT NUMBER 3

SAMPLING TRAIN AND METHOD EN S46/M-5  DATA BY PRODAN

FUEL GAS  BARAMETRIC PRESSURE (IN. HD) 29,86

REFERENCE TEMP. (R) 53  PITOT FACTOR .83

NOZZLE DIA. (IN.) /1875  STACK AREA (FT2) 12.57

STACK TE¥. (R) 1254.4  STACK PRESS. (IN. H2D) -1.2

STACK GAS SPEC. GRAVITY 1,004  EXCESS 02 (X) 17,51

METER TE¥®. (R) 557.7  ORIFICE DIFF. PRESS. (IN.HZD) 82

METER CORR. FACTOR 1,064  SAWLE TIME (MIN.) 180

VELOCITY HEAD (IN. H2D) 2.5  SAMPLE VOLUME (CP) 114,45

TOTAL LIQUID COLLECTED (ML) 114,3  TOTAL PARTICULATES (MG) 2.1
SAMPLE GAS VOLUME (SCF) 115,595
WATER VAPOR (SCF) S.41
MOISTURE CONTENT (%) 4,471
ABSOLUTE STACK PRESSURE (IN. H20) 404,896
STACK GAS FLOW RATE, ACTUAL  (ACFM) 101720.679
STACK GAS FLOW RATE, WET (WSCF) 42756.107
STACK GAS FLOW RATE, DRY (DSCF) 40844.,623
STACK GAS VELOCITY (FT./MIN.) 8092,337
ISOKINETICS (%) 103, 052
CONCENTRATION (CRAINS/DSCF) 4E-03
CONCENTRATION (GRAMS/DSCM) £.28034E-03
CONCENTRATION (LE/DSCF) 5.2E-07
EMISSIONS (NG. /JOULE) 11,976
EMISSIONS (LE. /MMETU) . 031
MATERIAL FLOW RATE (LE. /HE.) 1,267

KVE , INC
KVB71 66500-2052
127




(. - TEST NO. > . PAGE
SAMPLING STATION gusTen / Bwl _ oate _5-19-63

WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR 1IN GASES

A. GAS PRCSSURL AT METER, Ix. He (assorLuve)

B. VAPOR PRLSSURE OF WATER AT IMPINGER TEMP., IK. HC

—C——VOLUME OF MLCTLRED GAS, CU.FT.

D. VOLUME OF WATER VAPOR METERED, BxC/A, cu.rT.

E. VOLUME OF YATER YAPOR CONDENSED, CU.FT. o

- -

F. TOTAL YOLUME OF WATLR VAPOR IN GAS saurLr, D+E, cu.rT. .

G. TOTAL VOLUME OF GAs saurLE, CH#E, CU.FT.

| H. PERCENT YATER VAPOR IN SAMPLED GAS, 1002F/G
GAS DENSITY CORRECTION FACTOR ! ) f
% z WEIGHT PER MOLE
CoMPONENRT VoLuME PERCENT/100 x MOISTURE CORRECTION x MoL. WT. = WET Basis
waren H4H %] L0447 1.0 1 18.0 . &
Carson DIOXIDE .0223 DRY BaSIS A 7553 420 0.98
CarBON MONOXIDE 23 DRY BASIS .955% 28.0 &
Oxvctn . .]?33 DRY EASIS ,9653 32.0 .3
NiTrocEw & inerts |, $034 DORY masis 4553 28.2 20 64
- e AVERAGE MOLECULAR WEIGHT 8.5
K Av. MoL. Wrt, qqZ
J. DEwsiTr of GAS RLFERRED T0O AIR = T opgg—— = -
. ' _ /1.00 _ l. 004

K. GAS DINSITY COKKECTION FACIOFR = i
KVB71 66500-2052
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$ eranie Xogg_(f- i) 4 TEST NUMBER T |
CONIT LL‘@_'-_A_. FUEL " (9’\5 : DATE ; s/i9l ¢
OPERATORS Feher /rgone ) AMBIENT TEMPERATURE, °F [ o (™ t ¥ K. it~ % or 1
: B METER VOL. (START/END) 1283.52/ 14960.79 .
System Checks System Data Imp. Vol. (End) Vol. (start) Avol.(ml) Filtern § E
Initial Final [Meter B EJsﬁiﬁ'a"@ = el
n s i =
1 D:t:rlag']t: A . 2 132 - 10D — 32 Particulate Wts
itot~ Probe # 3 4 - Q- = Y Filter g
hermometer Liner Material &S - 2 Front
eak Rate,CFM_ <., Z.0! Nozzle # . o ch-:“ -——E’——- Acetone g
AC, "Hg Z2" " |Diemeter (in)_.is75 | "4 L NESNAzE) A grans | EPA-5
nitials varfme_ VA?/né | Thermometer # . . - (:ﬁ:'“_'_ﬁ_?.] ‘- 5328 ‘= 258 Total ____®9
est for RuyTen gl tnes Date last Cal. | Total Vol. H20  ///.9 m
] 11 21 31 51 &L 71
Sampling Time |Particulate|Condensate | Fuel Flow Load c Stack Press. | Barometric TEST RESULTS
\ Per Point, Min.| Wt.,'mg Vol., ml gal/hr My 'pltot In.Hg-Gauge | Pressure Test Averages:
‘ — . - > Aps B 2'? T,tlck -9”'l 'l'
Igo 1.9 4%, | .93 | '—L2 | 29.F5| O = 206G Tmeter - iy
v ear g a1 51 61 "Sample Vol.= re’
. West 11 21 3 : "ne.,
Sample | METER CONDITIONS TEI:PEm'ru'as'I 58, °F " . I, R o 2.27 (meter)
Point APs | AH [Meter Reading| Stack |Probe | Oven '{'E‘“ ShiT THe'8ht 2 Percent 0, = Eéi
gl K Ol 2% | 4o | wessy 6| 225 Rl | 5P 33| ¢ [120 ]| M™seack gas = (~28)
o 3 2.7 L 2192, 68 gu Yoo _Jos 210 S | o | & | 176 12.1 | velocity - fehec
o o 2.3 .o 304,90 B0 yes oy | 2 | 58 | vz l%e | 115 |12
35 \ is 2y 1 ube 231, 4 AL ys~ 310 25 g6 | 1 | Sz 12,5 12.1 | Total Sample n
s | 5 4!,!;_.__'1}.1_&. $:Go 2y 139 305 | 2w | S 1\oy |9 13,5 23 s - €2 min.
v S %122 1 Lk 3334.282 81l Y40 2% 2sp | 58 lez 192 3.5 |23
20 o | 23 | 6b anYls | Qo | Y30 | 31y | s | 59 Jio2 {GR 1 3. |l Comments:
53 1057 2.1 Lol B33 Bi2 Yas~ 290 260 Sl |lo2 | A9 115 : Yy
32 ‘ 29 | 2.3 ol 363 .01 212 | 49 20 | 2ss | ‘st |wz 198 | \lw | 124
,0S P 1uc | 23 bl 1332 4% 812 | yxn g | 2ec| s lo2 |48 | 195 |2y
020 il ] 258 K" 1381.95 1 440 290 | 2 e oz | 93 [V NP) 2.5
528 i, o) 2 oo bl 2391. 4o 308 |~ 430 Y Zuo | Sb lle2 1921 .y |y
v2d A |23 Gy 14e0.79 909 Y3y Dy 2y | O (w2198 | 115 |5
|
| KVB71 66500-2052
|
« 1«80 \ :
! Averace 7. % A < & +23 2.\ | 9&1. S _ WSS




RUSTON/ BWC
PARTICULATE ENISSIONS CALCULATIONS

LOCATION
SAMPLING TRAIN AND METHOD
FUEL

REFERENCE TEP. (R)
NOZZLE DIA. (IN.)

STACK TEMP. (R)

STACK GAS SPEC. GRAVITY
METER TEP. (R)

METER CORR. FACTOR
VELOCITY HEAD (IN. H20)
TOTAL LIQUID COLLECTED (ML)

530
1875
1271.1
1.004
55645
1,064

DATA BY

BARAMETRIC PRESSURE (IN. HG)
PITOT FACTOR

STACK AREA (FT2)

STACK PRESS. (IN. H20)
EXCESS 02 (%)

ORIFICE DIFF. PRESS. (IN.H20)
SAMPLE TIME (MIN.)

SAMFLE VOLWME (CF)

TOTAL PARTICULATES (MG)

8.6

SAMPLE GCAS VOLUME
WATER VAPOR
MOISTURE CONTENT

ABSOLUTE STACK PRESSURE

STACK GAS FLOW RATE,
STACK GAS FLOW RATE,
STACK GAS FLOW RATE,

STACK GAS VELOCITY

ISOKINETICS

CONCENTRATION
CONCENTRATION
CONCENTRATION

EMISSIONS
EMISSIONS

MATERIAL FLOW RATE

ACTUAL
WET
DRY

(%)
(IN., H20)

(ACFM)
(WSCF)
(DSCF)
(FT./MIN,)

(%)

(GRAINS/DSCF)
(GRAMS/DSCM)
(LB/DSCF)

(NG./JOULE)
(LB. /MMETU)

(LE./HR.)

106609.71
44058.976
42087.007
8481.,282

97.79=

..........................................................................................................
ittt ittt ittt ittt it E R it E 3t Rt E A A At A it R R R R R R
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TEST NO. PAGE

DATE

RusTon .'/ch.. '

SAVPLING STATION
L 4

WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR TN GASES

5 /943

. A. GAS PRCSSURE AT METER, Ix. He (amsorure)

B. VAPOR PRISSURE OF WATLR AT IMPINGER TEMP., IK. HC

=C—VOLUNE OF MLTERED CAS, CU.rT.

D. VOLUME OF WATER VAPOR METERED, BIC/A, cu.rr.

YAPOR CONDENSED, CU.FT.

E. VOLUME OF WATER

WATLCR VAPOR IN GAS sawmrrLE, D+E, cu.rv.

F. ToTaL YOLUME OF

G. TOTAL VOLUNE OF GAS SAMPLE, C+E, Cu.FT.

H. PCRCENT WATER VAPOR IN SAMPLED GAS, 1001F/G

GAS DENSITY CORRECTION FACTOR

WEIGHT PER MOLE

ComPoONENT VOLUNE PERCINTZID0 s MOISTURE CommccTion x Mok, Wr. = WET Basys
" Imaren AhIGTRL Lo daIL 1.0 s 0.8/
Carson DioxiDe | ,0232  ory ;ASIS 4552 44.0 0.9€
CarBON MONOXIDE ’¢ DRY BASIS . ,9557 28.0 Qj
oxvoin 174G onv masis 9557 32.0 £.35
NiTrocew & inerts | L §019  orY sasis .9552 28.2 21,0

AVECRAGE MOLECULAR WEICHT

Wi b

Ay, MoL. Wr,

2814

J. DInsSITY OF C&S KLFERALD TO AIR ” 28.95 i
&
K. GAS DINSITY COKKECTIOX FACION = ":o = I 00+

131

KVB71

66500-2052




PARTICULATE WEIGHT DETERMINATION

@

Ealrns)

mie_ _RuSton / Bue

Date (s) 3/24/?3 By
.

L ISHER

Contatner—ey or(?ilter igF! Number

5 1o |7 | ¢
M1 Evap.
4. ST RH. ¢
Initial Wt"sO
Trial 13/24 | 0.6652 |0.6618 | 0.6554 | p, Leo5
IseF H450
Q. ShRH.__23/2416-6652 | 9.6014 |9-6554 |0.¢c04
H°F 6230
39.5%RH. 335)0.665/ |06e/f |0.cs54 |0.6¢03
4
Avg Weight .66 10.6618°10.6554 |4.6¢ 04
3% R.K. an@h. "
Final Wt 1o345 0. bG5S | 0.6b20 | 0.654€ 0.6580
37 % R.H. néc
@o°F 26/3 06653 |0-6621 | 0.454 | 0. 6583
39% R .H, /430
E3°F 36/3|0-6653 |0.062) |0.6556 | 2-6583
4
Avg Weight 0.L653(0.662] | 0-6541|0 6582
Final Wt
Avg, gm 0-66S3 |6.6¢z) | 0-6547(0.6582
Initial Wt
Avg, gm 0.6652 | 06618 |0-6554 | 0.66 04
4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>